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" ABSTRACT

u'

_The bank contained over .800 data .items on req
" 8idn criteria,
~Th1rty—f1ve process measurés were generated including:
for solution, numbér and type'of cards used; Jumber and type'.

(2% ) - : LT :
‘ N . v . B . ,.\

. ?
¢

An experlment comparrgg,the effectlveness of three deslgn
strategies used nine architecture : graduate students solving
three ‘typical room des1gn problems.
traditional (%#0-step), and systematlc 015 -step) striategies . .
were developed based .on a national survey of design method- = '
ologists’. Each strategy was applied by. three subjects\
working independently in three 8-hour test sessions to pro-
vide des1gns for a faculty office, campus snack bar » 4nd
departmental conference room, ‘ - ,

The design process. was recorded every 30 secondsiwhen '

~a camera- photographed the work area on which

ubjects dis- .
played and manlpulated cards taken from an 1n§prmatlon ‘bank..

irements, de-
and solution alternatives for each problem.
t1me-

of relationships formed with the cards. . Twenty-flve solu-~
tion measures covered.the differences in’ deslgn conflguratlon
and quallty, 1nclud1ng rat1ngs of Judges.- -

v ’
Analysis of variance indicated 81gn1f1cant dlgferences

“txisted for problems and for subjects withinistrategy groups.
_Some significant strategy effects were found over all three

problems (8 measures), on individual problems’ (16 measures)(
and.in strategy-problem interactions (24 measures). The '5-
‘step strategy required a rge amount of time, using large
quantltles of 1nformatlon%;1nmmally applied; the ,10~step _
strategy cohcentrated on detailed problem development with .
a low use ‘of conceptual 1nformatlon, and the 15-step strategy
operated more efficiently overall,. produc1ng non51gn1f1cant1y,
but apparently,.better solutions. "Interaction results sug-

,,gested that the S5-step strategy reacfed similarly;to all

three problems; the 10- -step strategy became -more eff1c1ent
. over the three sessions; and the 15- step strategy demonstrated
sensiti v1ty to| problem differences. Implicatidns for- desxgn_

methods researgh’are discussed. - - -

\- . - . . 4 i b

€ c‘} . N
J

Open-ended (5-step), -

N
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 CHAPTER I - INSPIRATION: The Neell For Design Methods Research

.

Introduction;

‘ 1 b o

Design methods, the working techhigques and procedures

'used by professional designers in fields such as.architecture
and enganeerlng, have been regarded with interest in recent

‘

years as one avepue_ through wh1ch the eff1c1ency and effec-'

.

t1Veness of de51gn/act1v1ty could be 1mprOVed Thls-lnterestc

. has been prompted b{ a grow1ng awarehess that'past; tradltional'
and 1ntu1t1ve methods are prov1ng 1nadequa;e to deal w1th cur-
-rent problems of soc1al and technical complexity.- However,‘the
deVelopment of effectlve new methods has been frustratéd by .
the lack of. approprlate controlled research in the areas of

complex problem-solv1ng and design methods; This study‘repre-

' sentsﬂan-attempt to provide a more rigorous'examinatioﬁfof'se- -

”

lected‘des1gn methods ‘and their 1nteraction with thé.design'pro-

cess.i Spe01f1cally,the emphas1s is on methods used in Env1ron-

1 [

mental Design, a fleld representatlve of a_broad-range of

design-orfentedbdisciplines{
ENVIRQNME&TAL‘DESIGN

‘ . e 1 C L |
Env1ronmental des;gn is an emerglng d1sc1pllne whlch |

. encompasses Urban Design, Archltecture, Interior and Product

. *

. Design. Thls discipline links the previous loose community of

- . . Kl .o

designers and design activities within an overall'framework

whlch permits approachlng and solv1ng problems at all levels

of human environment (Maldonaldo,,l966, Malone,ll960, Musgrove,
i . S S Vs

1966; Van der Ryn, 1966). ‘As such, by definition gnd inclina-
. . : ’ Ce ’ . | : . ' * ,

RARET! v
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i
§

' tion; it is involved'infthe'interdisciplinary concern for de4' .
f | .
‘sign methods. Thls concern has been descrlbed by Slnon (1969)
- 4
- as the s01ence of quLgn,' represented by fLelds such as engi-

«

'neering, arcb}tecture, bus;ness, law, and med1c1ne.. Slan

-

1dent1f1es the common aspects‘of these fLelds under a defini-~ '

tlon of des1qn as “dev1s1ng courses of action changlyg eulsylng

~

‘ sltuatlons 1nto preferred ones"' EnV1ronmental deslgn can
kY * L'
therefore serve as- a typlcal example, WV;h ﬂurrent d1ff1cult1es i g

q

‘and- potentlal method utlllzatlon s;mllar to other dlsc1plrng%9

- T . e ' . .
. . =, ‘o/,_, . . ¢

‘A. Environmental Design Respors1blllty Ef S P

; The area: of’responslblllty for env1rpnmental des1gn is

13

1nyent1ng phys1cal thlngs Whl¢h dlsplay new order, organl—

« &3

‘zatlon, and form in response to human functlon"{(éleﬁander,_.
1969). Within thlS deflnltlon, physlo;l thrngs" can 1n;olve
any aspett of the built env1ronment "from a’olty to a teH-' <
sp00n (Maldonaldo, 1966) ' Partlcular aspects o; human funo-

tlon have been deflned as "freedom of ch01ce, phys1cal and

]

mental health, and a rlchness and depth of human experlence

(Gé/des and Sprlng, 1967) . | The cr1t1cal nature of the fleld‘ .

/

[
iis apparent when these definitions are applled to SpelelC

¢ ' ~

enV1ronments assoc1ated w1th housrng, educatlonal and health

fac1llt1es, work places, transportatlon,aetc. - j» ~{3

. .- . -
3

'B.  Environmental Design Difficulties T "o

It should be apparent to most cbservers of modern’so- . .,

- - . . “ P

fciety that environmental designers have not.heen adequately’

!




; . . . .
solVLng proplems, in their area of responsrbility. Some de- . , {
ocd - - S

T slgners have noted thlS general ineffectiveness in terms of

. "nighumare of the CLtﬁes" (Wachsman' in Banham, 1965), "d1scom— _ e

forts heaped on us{by ill—des1gn (Van der Ryn, l966); "misman- -

G R : B e
aéement through antindesign"(Maldonaldo, 1965).‘ These short-

comings have been related to the "guantity", "complexity". and’

LI B

¢ : .. . AR

"difficulty" of current problems ‘associated with changing . N
. . . . . ' ' . )

social patterns and culture (Alexander, 1964). Qther causes’

"haVe’been:identified in terms o’ newiproduction capabilities

/)

- which can reproduce almost at des1red shape in almost any

material"»(Pye<A1964). In pérticular, it has been ebserved
v .
that changing conditions ha.e forced the des1gner to assume
/ lid
a deCiSion-making burden far more complicated than in the

7

._paSt, where options were severely limited and des1gns were_

frequently based on centuries of adaptation and development

u/\

(Alexander, nl964 Archer, 1960).‘ . o ' S
¥ v * .

- . . e , ) . ) -

. Cs 'Environmental Design Information ° o i -

o

T . i _ .o :

o The difficulties éxperienced by environmental: desfgners
» .

in decis”ah-making have been traced in part to the 1ncreased

|-

°

load on information Handling capabilrties W1thin the"desrgn~’ B ,L;

",process G#In general, the information load is an ineVitable : ' _ -8

result of technological 1nnovat15n which produces. a doubling
of available knowledge eVery 10-15 years (Price,[ gal) For

'enVironmenta des1gners the, s1tuaeion has been described as a
, ' : N
"growing boay of knowledge_and spec1alist experience with -
. I R - , ] ‘ . »

problem statements.becoming moré comprehensive in scope and '
¢ . . - - .

. ! Pl o " 4'\




N

[ .. ) .. ‘ . . v 4 »

. .
S~ .

" more oomplicated\{n nature'fAlexander,~196’“ Cheetham, 1964) .

In addltlon, the lnformatlon ‘available for env1ronmenta1 d;k

.s1gners\has been referred to as "hard to handle", "diffuse",

and "disorganized" (Alexander, 1964) . The §ituatioﬁ-is"ﬁe_

,scribedtby one author as "it is difficult to find ‘even modest,

~

‘accurate, and systematized information on any aspect of archltxa

tectural practlce (Passonneau, 1965)'\ Wlthout proper methods
&
for cop1ng’w1th this 1nformat10n burden, the des1gners ihforma=-

tion process1ng capabllltles are often. overloaded (Alexander,.
|

1964) . . ( 3 T
) LV .. . * ) . . x ) : © . )

"~ K

D. 3Environmenta1uDesign’Methods

The oresent recognition: glven des1gn methods 1n the -
\ A

field is partlcularly s1gn1flcant in-light of the past re-
liance on® tradltlonal approa hes, characterlzed by an empha-

‘sis on 1ntu1tlon and ‘practical experaence (Cheetham, 1964;

L Jay, 1963 Maldonaldo, 19b)) The awkwardness of these'

..
-

methods is suggested by Archer¢(1970)
. 4‘

Traditionally, bhe des1gner‘has worked 1ntu1t1ve1y N
for the most part, studying. hlS brief, » scanning -the
ev1dence,‘rum1nat1ng upon 1mpllcatlons, and sketch- ¢
ing ideas without exercising much conscious control -
over 'the activity of des1gn deCLSlon—maklng 1tse1f.4:

2
h

o

~

The concern for alternatlve, more effectlve methods has been

expressed in terms of the need to "emerge from cloudy pragma—

tism" (Malone, 1960); uS1ng "a methodlcal modus operandl W':wi

(Corkidll, 1968), a more methodlcal and loglcal way of worklng",

(Thornley, 1963), and establlshlng sound heurlstLCS for de— ,“;'

r




I o . s
"sign problem—solving" (Kitts,, l965). In/particular, an emphaSis -
¥ . “ -
has been placed on "systematic' ways of working, which could .

contrql problem information and lead to more effective results ”

NS .

(Archer,“l965, Blake, 19625 Handler, 1964; Jones,-1963).

. . ) . )

f ~ - ’ . | J . T ' o '
DESIGN METHODS ' - e : . - ¢ s
Des1gn methods, despite their importance, have been in-
b \ )
' terpreted in a number of dufferent ways, Without any defini—

" 4

‘tive statement of the concept. In general terms, Pmethods"
usually suggest a mental procedure or set of procedures, S
~ which prov1de an approach dr framework to guide the design—

- er' s thoughts,or actions (Eder, l966 Gutman, l966 McCrory,

L

l966) Synonyms for design methods include;'“‘strategy",

ﬁsubroutine", "tricks of~the_trade", "rules of the game"~’ v
: ., ’ : Y — - ‘ ¢
) « a . ) . . PO J .
(Amarel, 1966; Eder, 1966; Newell et al., 1959; Thomas, 1965):
n A . ) - e . . . .

Qualifications on'the use of methods suggest»that they are not

;to be used as a recipe, followed step by-step, but rather are

-

to be used flexibly, adapted to a specifac,Situation, as an aid,

-~ . v

v

not a replAcement for. intuition (Archer, 1970; Gutman, 1966, "

v 2
) 3

o Krampen, l965)k.

AY Utility of Design Methods

The utility of appropriately developed me7hods.has&been

described in terms of the potential for aiding the designer,
o L -
e jarticularly in the area of information process1ng In overall

erms, it is suggested that a SpelelC approach can ipfluence

-

" the level, ‘type, aéd_sequence of information usage within the_




'design process (Mitroff, 1968; Ranstrom and Rhenman; 1965);
For one. method the advantages were descrlbed as:

v L]

alds the consciousness to focus on. objectlves,

'analyze problems, and select, reject,-and organ-
ize data in those patterns likely to produce :
subconscious closure and 1nterpretatlon (C Gregory, .
1967) ) . o

- (,'

tlon, spec1f1c reference 1s made

- .
. -In the'areazof visuali

2 [y

to‘ expreSSLng the‘prlef in

+ -

atic method. of de51gnlng (M. Jay,-l967), and "a way‘of pre-

sentlng des1gn problems thattfoes make them easier to solve“f
. , X J '
. (Alexander,~l964) c e . ,

L}

B |
v

Bn process1ng lnformatlon, metﬂods may assist in direct~
< t a/
= "ing the Search for a solutlon and evaluatlng alternatlves.

& r

with a mlnlmum of’error, rede51gn, and delay (Amarel,.4966,

RV

‘Jones, 1963; Mlller et al.f 1967) Slmon (1969) proV1des one

1nterpretatlon of method advantages as~,

K T : management of thearesources of the des1gner’§o that
. - ° his. efforts will not be dissipated unnecessaglly in
. 'follow1ng llnes of 1nqu1ry that prove frultl%ss. S

]

The potentlai outcome of these a1ds has beén %1ven in

1

terms of "the evolutlonaryldevelopment.of successfully im--

proved solutlons“kJRoe et 1,, 1967), and ' g more 1maglnat1ve

and advanced desrgns :(Jones, 1963).

L] I . !

B. Avalldblllt{/Of*DeSlgn Methods

g 0.

b ) | . Aiternatlve desrgn methods have been developed ln recent

- 3

years by practltloners in envlronmental deSLgn and related

w flelds in an effort to reallze theﬂpotentlal advaﬂtages of
\

approprlate methods.3 Ma]or methods deVelopments have been

- . " N 7 - -~ : . i
3 o 54 '

‘erms that make poss1bIe a- system-~vrf

e




attempted-by Archer (1970); Asimow - (1964); Nadler_(lé?O)i

C. 'Gregory (l§67);'Roe et al.'(1967) Symposia and collections

'of artlcles, on diffq}gxt techniques and methgng/hhave been e

- Y

edited by Jones and Thornley (1963) ; Zwicky and Wilson (1967),

4 : . ‘ - . c,
%: Gregory (1966) ; and Moore (1970). Comparisons of different
»- r ]

; methods have been made by Aiger and: Hay (1964), Whitfield

(l968), Guilford (9967) 7 and Jone (1966) Engineering designv.

methds have been described by Buhl (1960), Dixon (1966)

E Pare et al. }1963), Roylance (l966), Wilson (1965) - Specific

|
'des1gn techniques have been, developed by Gordon (1968), Alex-

.. ander ‘(1964); Alexander et al (1968) ;- Goodeseand Machol f1967), .

e
Starr (1963). Computer aided design has been- discussed by

,Campion (l368), Fetter (l965), Siders (1966)

. 4 :
C Developing Design Methods S e

The majority.. of the available methods, however, are
- r | N
empirically based, the result of indiVidual experience. Such.

| ‘ o

methdds -have been descrlbed as applying>their'favorite prin-

joiples to the design problem“;(Gntman, 1966), and'making

- explicit #the. pracfices that discerning people seem}to be

&

'wt'adopting" (Archer,.1970) | Even when these methods have been.

’ TY:M, Jay, 1967), thége methods have themselves often been empiri-

jsoience, and engineering (Barnett, 1966; S. yregory, 1966,

_ A :
adopted or: adapted from other d1sc1plines such as philosOphy,

'5001a1;SClenGeT«eCODQmLQQ, computem scxence, management -

cally based, ‘and their application has usnally not been systema—

tically determined (Studer and Stea, l966). There appears to

P8

.5

A




N ' . - v‘. - .
f«; ) - . Y , - . . 8.
. ’ p . . . . .
k-

have been llttle, if any, attempt to develOp des1gn methods o

ln a: controlled sc1ent1f1c manner, permLttlng a rlgolous N

N
analys1s and evaluatlon of thelr effects:, Thls aspect has

2

| been summed up by . ‘ .

v ' Deflnltlons of "better" metho olog1es are mean1ngless E
o unless we are told in what resetts ‘a method is better
than other me thods (Kalser, 1952) . Co

<

. D. Des1gn Methods Research

. ' .It:should be apparent that the only way to develop deslgn
| ~methods beyond the1r present 1nformal level 1svto follow the

course taken by other dlsolpllnes in mov1ng from an emp1r1cal

~\ to a theorechal knowledge base.~" This - concept has been de-~

'1 f\:scrlbed in terms of 1nvest1gat1ng the nature of the des1gn

4

‘process and determlnlng the ways in Wthh methods could be

-

approprrately applied in each phase of deS1gn act1v1ty

~ (S Gregory, l966;IK1tts,-1965) ‘vThe scope of such an 1nvest1—

gatlon has . been suggested by De Groot (l966) , ) :
L ‘ s . ' ‘ v

- From experlmental eV1dence and analys1s, 1t‘ﬁust be—

. possible’ to. devekop an ordered class1f1datlon of-
human mental operations to cover every ‘method, -
/ ”_»trlck, heurlstlc, transfo*matloﬂ that may be 1nstru—‘5
' lmental in productlve thlnklng. i

g |

.ﬁt;h.'%'k The type and level of research Which is needed is»quite’
. o

) \ ;
" extens1ve, but it should be apparent that 1n a quest for valld‘

-

‘

- tion should be emq/oyed The~51gnlf1cance ot ‘such research»-
. act1v1ty has been descrlbed in the strongest terms by Slmonw;

(1969): . . = - . S

-

"systematlc" methods, that equally rlgorous means bf 1nvest1ga—"'
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' The professional schools will reassume their
professxonal responsibilities just to the

. degﬁ@e that they can discover a science of
e, desigh, a body of intellectually- tough,
. analytic, partly formalizable, partly empir- |
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CHAPTER .II - INVESTIGATION: Approaches To,DesignJMethods o
, Research ) S E - -
1 " ’ . T v \i

Introductlon. .. J

I

‘o Des1gn methods research, on almost any.aspect of des19n

A _process or methods, must be baSed on the study of deSLgn prob-

° lemhsolVLng, the act of deslgnung Prev10us experlence by cog-— -
;. ; nlthe psychologlsts has lndlcated great d1ff1culty ln studylng .'

human problem—solVLng behavior. Some techniques have been ‘@T -

developed but these lnvolve a number of short—comlngs. Whlle

there have been sage stud1es ‘in des1gn-related flelds, these
o |

‘have not* dealt.w1th the detalls of complex problem-solv1ng

\(1

nqr have they attempted to use des1gn methods as ‘an lndependent

) ~

varlable. The purpose of this study is to demonstrate a new -, *

~

approach to des19n methods lnvestlgatlon.. ThlS approach is

based on systematlcally°comparr¥g alternatlve des19n methods,

. ‘ us1ng a research technlque adapted to’ the 1dentif1catlon of the

1mpact of methods on the design process.

. .
| . . \

DESIGN METHODS RESEARCH -

| : o e

The observation of the WOrkings of the'design procesS'

poses: partlcular dlrilcultles 51nce by trad1t10n and practlce,

most des1bn act1V1ty COnSlStS of subconsc10us or covert be—

XL
hav10r, Wlth mOSt reasonln and crltlca deCLSlcm-maklng re-
g

" malnlng w1th1n the mlnd (Eder, 1966 Thornley, l963) -in.

' most cases the only ev1dence avallable lS the SOlutLOn presenta-

o tion and a llmlted dlsplay of notes, sketches, or calculat10ns<

(Eder, 1966) Whlle 1t may . be possrble to make some general

R0

eV




o ' - . - .11
L ‘

observatlons from thlS ev1dence, the‘crltlcal detalls remaln :

out of reach (Bloom, 1950 John and Mlller,. 1957)_. The bas1c“ .

)

dlfflculty has been descr1bed as the problem how to observe

s and measure the cprocess‘I and referénce lS made to the "method-
)~

v ologlcal dlfflculty in externallzlng the process hn ‘an opera— .

,tlonal way" (John and Mlller, 1957)_ , ' . v

A. Research Technlques ’ T r T

' : Some technlques have been developed in attemptlng ‘to-

make the problem-solv1ng processes observable. One author R

-~

-has - descrlbed these technlques as means of "brlnglng the covert

! a

processes into. the open (Forehand,~l96§). The use of the ) ,

~ ' "
technlque ‘has been referred to as "exploring*the process
N .. :

itself - 1nvest1gat1ng the subject S thoughts, feellngs, and ' L

' creactions - as he attacks the problem (Bloom and Brodel,-l950)

o = RN
~@ L‘ ' ’ ) ¢ S Y
' | Retrospectlon represents one technlque whlch ‘has been

B 1
’ used "either alone or 1n comblnatlon w1th other methods. This

v technf%ue usually consists of an 1nterv1ew or questlonnalre

after the probLem—solvlng sess1on, in an attempt to recall and -

'

reconstruct thefprocesses which were used. (Clarkson and Pounds,

.2 y

!

1963; John and MJller, 1957; Mltroff 1968). Due to diffi-

culties with memory and reconstructlon, this éechniqueTis-not Ly
. . , ) ‘
too rellable, but it can be useful for ldentlfylng major

. ~
-

occurrances and subjective observatlonsv

v - .
. . .

»

IntrosPeetlon is an alternatlve technlque based on e11c1t}ng
. C

- 1nformatlon from che subject ‘'while he is in the. process of

o T 23 R o,

©




*solvrng a problem (John Fnd Mlller, 1957) . vThe record genen—
,ﬂ ated uslng thls technlque is usually referred to as a "protocal"
a(Newell and Simon, 1961), which is 1ntended to represent a. pic-

ture of the cognltlve process used by the problem—solVer

-

1 trospectlon is usually preferred over retrospectlon as pro—

. -
c N

v1drng a more llteral,;accurate plcture_of the subject's behavior

AN
N

(ClarKson and Pounds, 1963) . .
' : . ‘ ) . . ' 5

~ Thinking Aloud is a particular technique for generating

introspective protocols, based on subject verbalizations which'® |
-are recorded on magnetic tape as he attempts to Golve or think-

:through a glven problem (Clarkson and Pounds, 1963) A speci-

/
.f1c descrlptlon of the appllcatlon of thlS technlque is glven

by Miller et al. (1969) as: ' _ } T
S ¥ -Thinking aloud requires merely that w.ne person talk - .
- while he is working, that he should comment on what
helis doing, what he is looking for, what his in- . . L
te;ilons are, what ‘objects or relatlonshlps catch ’
his attentlon, etc. .

These authors‘have cited the popularitY'of the thinklng'aloud \(
i“ _ l ,technique "used by Blnet; Duncker,”@laperede,'and“many'others"
M ‘and indicate"its.advantages,'"when'the-method is used intel- -
ligently'and conscientiously, it Can.prbvide:a tremendous -
— .+ amougt of 1nformatlon about the detalled process of thought"l
:Howeverv thlS method has some drawbacks whlch w111 be shown

. later in the d1scusslon. . R Tl ' |
: - : .ox

B. Problem—Solv1ngﬁResearch

A large number of studles have been completed using the

. ’

above techniques. However, most of the work has'had‘minor

.




. "

B | S

lmpact on desrgn me thods research s1nce “the emphas1s has been
le,

on_bas1c problem—solVlng usrng relatLVely s1mple, hlghly
constrained test problems. The early work is characterlzed

by Maier‘(193l) and Duncker (1945) who studied subjects solv1ng

; phys1caI and mathematlcal loglcgproblems Thelr emphas1s wfs

on demonstratlng the formatlon of,speclflc conceptual relatlon—

‘r .f\»\}
.shlps.as the.ﬁeys to solV1ng p;oblems;. This approach and that
. B . N ‘ ] ; ¢ .-. . B ¥
‘of\ielated studies'wasabased on ctoncepts «related to Gestalt-
< ) .
Y

hology, and slmllar work 1nVestlgated mechan1sms related

. "Vps'

" to “deductlve and 1nduct1ve reasonlng, and concept forma—

tion" (Wason‘and Johnson—Laird, 1968) . : S :
o ot . s . . ' . '(e-_

An information process1ng approach to problem—solv&ng

.was taken by several 1nvest1gators, typlfled by Newell, Slmon,

. [

Palgb, and others (1958, 1959, 1961, 19§6) ThlS research

LY

.re11ed heav1ly on th1nk1ng»aloud protocols generated by

-~
Y

subjects 1nvolved 1n "somewhat more complex tasks such as .sym-
bOllC loglc.and_algebra word problems. The outcome ‘was a T
comprehensiVe analysis of these problem—solving,activities .

k4 ‘

with, the development of 1nformatlon proces51ng models based- on

"objects" or problem states, transformed by 0peratorsp,wh1ch

: werq,“applled to certaln objects to produce dlfferent objeo s" :

For the relatlvely s1mple, essentlally mechanlcal, problems

I3

_ belng studled 1t was possible to represent human problem—solv1ng
X
behavror using computer programs Such as’ the LOGIC Theorlst, GPS

_ (General Problem Solyger) and STUDENT.

S




Y

. C... Design Research o . S i h

s }

\k@searchers in eng1neer1ng andrenVLronmental de31gn nave"

L i

—_—— ' l

attempted toﬁinvestlgate aspects of complex problem-solVLng

|
- . / » - e i
|
|
|

. %
- -

.HoweVer, these studles have tended to, be fore gennral and open- .

) . endeﬂ than the controlled stud1 ) of~bas1c problem-solV1ng. ! "ﬂ

¢ '

IR}

Typlcal stud1es were. performed by Dlxon (19641, Ranstrqm and o ﬁ

Thenman (1965), Frlschmuth and A’len (1969), con51st1ng of ob-"’u.?

3 ..

‘ servations of work.done by‘practlclng engineers. gn the1r real*
' : . AR : -

. T world~problems,~usingvnotes; tapes, and interviewﬁ ' The results

R
. o .
'éxpressed as "flowcharts" (Frlschmuth and Allen), and . need"

| . |
: i -of these stud1es/were general models of the des1gn process i C

. '-.
"engineering" and product" dlmens1ons or development stages

(Ranstrom and, RhQNAan) . "fa\", ' ST

-
2

- L I » . -
~,‘- _ Similér studies were performed by Mitroff (1969) dnd

- ’ -\ h

Py Reltman (l970ﬂ us1ng more detalled th1nk1ng aloud protocols

o

to 1nvest1gate‘speC1f1c aspects such as de51gner s att1tudes

» \ ks 5_,(:

o ,and other subjectrve factors, .and 1nteractlohs w1th "open-

B 0 l L3

i -

H

- 8

“ended" or "1ll deflned" information, rFspectlvely The re-

l +

. sults of these 1nvestlgatJons suggested that even in relatlvely

- b b
. (:/-constra;ned problem-solv1ng s1tuatlons there‘yas cons1derable
[N ! : R . 1 . !
: o dependence'on 1nd1v1dual 1nterpretatlons. : Lo
3 Af s ParticuIar cOntrolled design studies were conducted by

» Melster and Farr (1966, 1967) us1ng subject groups of "10-20

eng1neers worklng on pre- Sp801fled 1nstrument panel or console
. , -

« *,deslgn problemgfv The experlmenters p ov1ded design specifica-
" a ) T . ' . #

*x ¥
u:ﬂ
A




) v - i o ) . ] ’
~-tions and background information, including data on human

. : . ]

factors requirements, and employed ObserVation-of;subjectsvat

work, 'subject comments while working, and in-depth retrogpec~ ‘ L.
. ) ‘ ) . . . . ) :;v - //v . ) .
tive interviews. These techniques were used to .detefmine the

1

.extent of human factors'information utilization. The results

O indicated that the subject-designers generally used a‘much more
A . . N . S ' ) A . . » A
- * superficial problem analysis than had been anticipated by the . -
experimenters}'and that Subjects usually ignored huiman. factors
: 5 . C ik e
data presented.in the typical handbook form.
Research studies in environmental‘design'have‘been less.
numerdus, but follow the patterns assoc1ated w1th other dis- N . _
L ! : P B ‘Ti.
,c1p11nes. !R typlcaﬁ s1mp11f1ed experlment was used by Krampen S e

-4

‘,(1965). w1th classroom students worklng on graphlc layout -
problem w1th hlghly constralned problem speilflcatlons. Thlnk-

lng aloud protocols were. generated and used:to demonstrate'to'

students ba51c steps 1n problemﬁsolv1ngdsuch as "deflnltlon." e
“ _ v,
solutlon" and "verification". : . L PR
N a 3 . K r. (,ﬂ ) e < ’ /'
N o o . v e . P ) - ’ - ) . )
Ce A"simiJar-experiment was used by Eastman (1969) with a~ -~ . °

- - “ e

1arge nunber of subjects solv1ng a "space plannlng problem,f' o

ualng a hlgh&y constralned format with spec1f1c rules for T

A

.1ocatlon of elements.' Relatlvely detalled thlnklng aloud | -

‘ protocols were used in an lnformatlon processlng analysls,'

2

=_Ldent1fy1ng "operators" Sr- transformatlgns “and "tables of

connectlons which indicated dlfferent appllcatlons of the de-

. sign;rules. The work was also used -to demonstrate search

o ) ., . : ‘
-;"7 . - - . 2’"‘. P B '_‘ . . .
. R s . . J ¢ ; . ‘ )




"applied constraints); and "planning" (solv1ng problems by

"mlnlmal requlrements and ‘an émphas1s on 1ndlv1dual 1ns1gh* o

s
~

,-problem-SOlv1ng in greater.detall.' In partlcular, it is neces—_%

_on thlnklng aloud protocols and graphlc sketches. &esults'

jments glyen with* the problem.~ ' : i'fg?:;v

s1s that there has beah lf??le or no research related spec1f1-

cally to design methods. Where resealch has been regated to’

sary to begin I

i’_ R , e _— \\ 16
. ~ a ‘:‘ . . .
strateg;es ..... .identified by Newell and others as generate and L4

\

test" (trial and error) ; means end analys1s (sequentJally

’

B ) .
. . L
2 % ]

. : . 7 . | ' g“(y;f‘i; s ' a'\ .

subsystems) . ’ : .

Another study by Eastman (1970) used a more open—ended N
) o

problem—Solv1ng task, the des1gn of a bathroom layyut, w1th 'f:

\ ﬁ"

' . -,

and: past experlence. Analy51s of problem-SOIV1ng was based

1nd1cated a correlatlon between~the foym of the requlrements

and thefr rep*esentatlon by subjects,\ nd cited the superlorlty
of dependence on 1nformatlon stored in the memory ‘over. Q9qu1re-
D. Research Implications s T =

The major observat1on from the re\ aw of related studiesbfaf

-,

design, the emphas1s has been* on stadylng how des1gn practl-:
tioners use trad;tlonal, 1ntu1t1ve meéhods rather than cons1derﬁ-
ing the effect of alternatlve 1mproved methods.f The work does
sdggest the pOSSlblllty of observ1ng and analyzxng des1gn be-j'
havior,(but it is necessary to go beyond“the cons1deratlon of

llmlted probtems and sp§21flc mechanlsms to. cons1der dengn Y

N v "

. L] N § » P

L]
A

illing-in the specific behaviors associated
RO " . . . -~

e 4




-
&
.

17 &
. - . 4 . : : .
with the major stages or overall approaches:used by designers,

and to begin-descrininb'how different types of information
interact throughout-tHe design process. To accomplish this,

\

des1gn me thods ‘research ‘must not only test”and compare alterna-

4t1ve methgds, but mus t also deVelop tools for studylng and anal—

Ve

4@ yzlng cdmplex problem—solv1ng behav10r w1th a rlgor whlch w111

¢ 3 . ©

provlde a sound theoretlpal basis for understahdlngythe me-

"chanisms and interacticns which are involved.
. 'Q . .

€ v

 In another -aspect’of the related research, the "thinking

JRN

aloud" technique doe% not seem t0 be effectively applicable)

to des1gn methods research This technlque has been Crltl—l;
A~

clzed in terms of- . a) lts potentlally lnhlbltlng effect on
problem-solvers; b) *the dlfflcultles Tlth confus1n§ termlnf )
ology, ommissions, amdvinaccurracy; and c). - the effortmip

: transcribing length;'problem-solving sessions (Bloom and

. Brodel, 1950;. Miller et al., 1969). . An alternative technique

is'required which’could offset these disadvantages and add"
* &
v greater control in terms of l) accuracy in determlnlng seéquence

and chronology of events; 2) standarlzed codlng of ini/;matlon

.and responses, 3) ldentlflcatlon of relatlonshlps between

~
-

°'elements’in the process (Bloom ‘and Brodel(.l950; De Groot,'

1966; Forehand,.1966).

e PRESENT RESEARCH APPROACH 3 LT 3\

\

The purpose c¥ thls study was to make a pilotvattempt at 0~

desrgn methods reSearch, us1ng des1gn methods as the major
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‘ v . . ‘ . ) . *
: " ‘Y research variable, in an experimental‘setting designed tq
- . N A . . . 'b " .

generate'specific behavioral data about the.effect of methdgs

.on the désigner;subjectjs problem—s01Ving'process.' This

2

attempt was’ based on implications of the related research
* ,and . the nature ofidesign methods as previously described.
. . . .4 \' . R ; . N T

[N
LI £ .

c{-kL_‘jﬁAA., Comparlng Design Strategles

-4

Des1gn strate01es/were selected as methods whose effec-'
4 .

R ‘tiveness could be,usefully compared 1nuterms of their promi-

. . , .. ‘ v : L

{nent role in the design methods literature, and their impact

throughout th® problem-solving process. Strategies hame been”
~ - ) " '

defined as "plan of atthk} methodology, .or approach",'which
. T N . b ’ B
is charact lzed by: ' o ‘ : S

An 1teratlve series of steps defining the d1rectlon

or pattern of action to be followed by an individual or

" group in ach1ev1ng a purposeful act1v1ty (Cc. vGregory,

1967) . i : v v

, ot :

. - o - et Y ) .
As lndlcated earller, strategies were identified-by extrapo- -

latlon in several engineering design studies;’ and in some of

“

Eastman s work Theoretlcal dlSChSSlOnS have, occurred in the. e

work of Nadler (1970), Jones (1966), Archer (1970), and

C. Gregory (1967jp among others. X
« . ‘A .)“i,.‘ . ., *

2
£

Strategy dlﬁferences havé been’ descrlbed by c. Gregory £

3 . ¥ B

- (1967) as. a result ot‘a survey offstrategles whlch;demonstrated

. variations in terms o;: a) rspecific steps mentioned by sornfe
authors and omitted bygothers; b) combinations of steps under -

3
L4 . Al L. . L4

3 more general terms; c)®‘“transpesitions in the order or sequence

:
LI Ll
* . ) - .
:

.
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- sign skequence outlined above™.

'B. Complex Design®Task

19

-of steps; d) differences in the total number of steps. These

N v

’ differenoes may lead to different erategy impacts as deScribed

Wlth the specific experimental hypothes1s on pages 38- 39

An important aspect of a comparative study of design
strategies is the opportunity to refute current misconceptions
that either strategies have no effect on’ the design process or
all strategies are essentially the same. This latter attitude'

is suggested by Eder (1966) referrinq to a given strategy )

e;ample,'"all methodologies so far .proposed fit into the de—

wa 0.

N &

~

; o N
. v "’ . . ; v
" The pbservation of-a‘subject wOrking on a relatively;%_

complex des1gn problem—solVing task was determined as the ' .

-most appropriate setting “to compare the effectiveness of

Iy

desrgn‘strategiesg This determination was based Qn the need

to obtain more controlled_data rn general on iomplex problem—'

solv1ng, and need for sufficient scope-to determine'strategy

effects on a'range of- behaviors w1th1n the des @n process.

For this research such a task would involve the design of an
-

enVironmental setting such as a’ room or s1mil space, accomr

[

'modating a rande of act1v1t1es related to a' pecific purpose

or function. -This task would ‘be cons1derably more complex than

al 51mple logic or layout problem, and would have a somewhat

. broader scope than Meister and Farr's console problem OF

Eastman s‘bathroom. The need for research" at this level hasa

. [

22) g ) | : | .

N




~

)

-h 'OID : . ’.‘ -. T
been aqknowledge by Green (1966) as an ‘interest;in-compler

or as they say rrch' experimental settrngs SO that the com--

psed, and Including manlpulatlonsjand relatloné;lps associated

-

plex structure of man's_behavior can be displayed".

»

C.  Observation Technigue ‘ S

' An experimental technique which dgeneratas data.on the sub-

- - -

ject's use of "™information" within the.design’ process was

“
- . - )

- - N ) ‘ e :
1dent1f1ed as most approprlate to design. meghods research.

a )

ThlS was based on the understandlng developed earller that

- . ¥ ARy

1nformatlon processlng is considered to be an 1mportant element @;

. N

*in desrgn problem—solv1ng and azmajor area affected by des1gn'

t 4

methods. Such a technlque would develOp an 1nformatlon pro- - *°
.

cessing protocol a record of the 1nd1vidual 1nformatlon items

used in problem solv1ng, generated as the: 1nformatlon was actually

AN

0y

with specific information items.
The key to the technlque would be an 1nformatlon bank,-
collectlon of 1nformatlon 1nw\arlous categorles coverlng all

'

'aspects of the problem—solv1ng task. * A separate 1nformatlon .

* /"'-— ¥ i N .l
bank’could be pre- spec1f1ed by the experlmenter fcr each '

.

" design problem, and subd1v1ded 1nto separate 1tems. The - 1tems,

. e

i

could then be printed on 1nd1v1dual cards and physrcally

selected and manlpulated by the. subject as an analog to personal

~

T

notes or mental manlpudatlons; Thrs-technlque was intended to
& ) *

prov1de a relatrvely natural worklng medium, srmpllfylng the"

processes of. 1nformatlon search, retrleval,andnmnlpplatron,

.
and prov1d1ng for a d1rect recordlng of design behaVLOr in
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. . ‘l". . . ’ o c. ) &
’ P

terms of information patterns. ihish&ould be in contrast to
\ > .

the 1nd1rect thlnklng aloud approach whlch“concentrated on

B

sub]ect perceptlons.v By maklng the process llterally obser
' i A
‘able t rough the use of sets of lnﬁormatlon cards, lt should :

_be poss1ble to obtaln a standardlzed hlghly accurate, hlghly

A} . \ . N

rellabl record, wrth a’clear.readlng of sequence, - duration,.

and rela

=
§.
=
[

. this technlque was d1st;nctly dlfferent from the

approaches @sed in most of the related research lt was suggested

i V4

by controlled lnformatloh formats used }n man¥ of the prob}em—

solV1ng studres. Although the use of lnformatlon items as a

& ]

'design:mediumﬁis somewhat,unusual, this approach has been sug-=
. L ’ . ’v . e ] s . \ LA ' , . '
gested by several'design practitioners, who have'recommenﬁed

[y

rgbordlng ‘and maplpulatlng 1nformat10n~usrng 1ndex cards or

o

SllpS of paper. (§§rvette, 1967; C.- Gregory, l967 Jones, l966)

In a theoretlcal sense, 1nformatlon protocols are cons1stent

o

with the v1ew of - thé des1gn process descrlbed by several.
A \ o
.authors as an 1nformat10n 1mage belng_contlnually developed
: ’ \\ ° . X .- ’ ’ )
and refined in progressing from an initial problem definition,;"

. o ; y ' _ .
to a final soluti®h (Bdrnette, l967 S. Gregory,xl966, Fore-

I 2 A

‘ \ - : o
hand, 1966; Krampen, " l965- Mlller et al., l969). - . ' : .

: \ ‘ .\ # . . - O . ‘
E. Ex rlmental Design \ - i N : i
\ ' -

. e

A 3x3 factorial deslgn,'comparingﬁthree'deSign strategies,
» \‘ ’ - . - "i. ) )

USed.to solve thrée problemsj with three subjects using each’

strategy, was determined as an appropfiate.scale for'this pilot

Lo}

.research prov1d1ng some varletx and comparlson of dlfferences

_ : L1 . . .
ionships/. o L S . e . N .
g Lo S o ' . c .




"offered partlcular advantages since by compar1ng ‘three strate—

dlfferences in subject background and experlence whlch m1ght -
. have favored any glven problem. It was determlned that each
~subject should use: the‘same strategy for aIl three probléﬁs,

subjects were asked to change strateg1es between problems.

to»determine-effects,of.strategies,'problems, subjectstwithin

thhln the resources avarlable to the experlmenter.' Thls

“

gies 1§fwas not necessary to usé a separate control group
(using no strategy) By comparlng strategy effects over

. . |

three problems lt would be poss1ble to check on - the generallty

-t
- '

and cons1stency of the strategles, ‘'with" some control over

ke

because of the llkellhood of conqu1on and contamluatlon 1f
. J . <

This des1gn also permits a stat;st1cal’analys1s of'varlance-'

I

strategies, and strategy-problem interaction.
) - v. .' v ". \

”

<. . .  STRATEGRES o N
. S;Steppf‘ _ ) lQ}Step , ~ .15-Step
subjects | (1) |'(2) | (3). | (1) [ [(3) | @) [ (2 |3
Il B ‘
Prob-'
lems _II : e
L III. \ | . I o . ' .
Figure.2-1 EXperimehtal_Designi - - | -V
- 'SubjectS“v B . {..._ , .

1dent1f1ed as a. general subject typé approprlate to thls

- "research. Thls was based on the assumed need for subjects

. N 1 . .
¢ Advanced env1ronmental des1gn students were lnltlally p

3

4 ! ; .

able to solve_complex de31gn-probﬂems in a reasonably_brlef

»

LI
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[ .
perlod of tlme, and the relatLVely ﬂarge time commlutment re—
qulred for orlentatlon ané for three problem solving sess10ns.
. :
Students also seemed desrrable in terms of thelr avallablllty
N W
« on campﬂb, thelr generally hlgh level of Lnterest and motivaZ
tion, and thelr relative flex1blllty in worklng habits as com-
.pared with-profesgionals.' i o
."4 ) ’ 1 .k.
. . o
- R
. ’ . &
. :
.ot - &
N .
B [F" 7 , , ‘\‘{:;.
7 ) _" N 3 . rﬂii e
e & b -
- ; L -
t
v | .- L :
¢
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- 7
A a - ’ -
. 5~
: » .
“ %4 '
‘e
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'strategies,vinformation banks,. and apparatus were developed

using controlled systematic procedures.. These procedures

' for use by other design methods researchers.

'-questlonnalres submltted to a commlttee of consultants (the

" A, Establishing‘a Problem-Area

\ .
“tate Crlterla and problem generatlon. Env1ronments assoclated

. with' college classroom bulldlngs were selected in order that

“for problem deflnltlon and or1entatlon. .Such environments -

e

'CHAPTER III - INSTALLATION: -Development of Experimental

.were used to pr0V1de the best pOSSlble tools for th1s research

thelr famlllarlty to subjects could reduce the tlme requlred _ ”L.

_also. .a) are famlllar ‘to the experlmenter, b) offeE;a vari-

) 24 . ’ T K
! . o N . '

o

. ., Materials

introduction: L
Specific experimental materials,\psoblem tYpes; test
Yy ’

Y
G

w1th a comprehens1ve descr1ptlon of the development process‘v

i 3 5
.
3

TEST PROBLEMS

: Problem—solving tasks Werevselected using criteriavdevele

oped and applled to problem dlternatlves through a serles of

-

experlmenter S faculty adVlsory commlttee)

= . A
v \ R - ! ‘

..q

.
-

. .
“The range of problem alternatlves was ‘limited. ‘to faClll—

\. " . i .

.-

ety of settlngs, and c) have a llkellhood ‘of ex1sting'informaf
' SN -

LR N4

tlon ‘and expertlse avallable.on the campus. 0

2

a - . " )

B. Advisory. Committee
The advisory committee was involved because of'the breadth

1 ' K i

“k »v R . 3/; T . . o ',.

(A9
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of.expertise represented_hy the following academic departments'

.and suodisciplines; S " S N o 3
1. Industrial Engineering (design methodsvand_systems)

o . ; o g
2. Industrial Engineering (human factors, ergonomics)

-

3. 'Psychology (engineering and perceptual psychology)
l ,'t'

4. Computer SCience (information systems) . : 5
5. Urban Planning-(architecture and enVironmental design)ﬂ'“
" These fields»include aspects relevant to environmental'design.»

Ny
and the cons1deration of research tasks and experimental de—

. .y,-.

o

signs. Faculty members should also have a senSitiVity to

facilities for higher,education.

L C. Delphi Frocedure 1 S E ‘ N

An adaptation of the "delphi- procedure (Quade,,1968;

Rescher, 1969) used a series of questionnaires, permitting

the'committee»members to nqte the responses,of their colleagues,
.as, an additional‘factor intmaking‘subsequent decisions. This !
8

allowed the committee to partiCipate in a Simplified dialogue

and search for a consensus Without phys1cally meeting. Two
v oL N . . .
_',questionnaires were‘uSed for criteria selection and a final ot
7. . ! ) i
questionnaire was used for applying the criteria to problem

. alternatives.

" :D. Criteria Review Questionnaire
"The1firSt‘questionnaire presented'the committee with-a

tentatiye list.of criteria for their reView and comment.

Criteria were generated by thenexperimenter based on the needs"." ' .




‘,crlterla and suggested minor modlflcatlons Wthh were 1ncluded‘

: problem atea; and c) a simplified description of the role of

Ttest problems 1n the experlment A response sheet provided

,(Appendlx A-2).

relative differences-in ‘importance.

't10ns to. ald in understandlng (Appendlx A—2) The response

. ) . . : e ' .‘ .‘26.

"

of the- experlment and the characterlstlcs of problems Wthh
mlght be evaluated (Appendlx A- l) The specific crlterla
titles Were<as_follOWS; v |
‘l:' Cgmparable to othei Problems | ;." : W‘f.
2. EnvirOnmental in Charaoter H
3.h Availabilitygof Background‘lnforﬁathnb ‘ i'.>5\<%,
“« 9 ‘ \ .

4. ' Motivates Subjects T
5. Understandable to Subjects . ‘ ‘ ‘

L 4

6. Permits wide range of solﬁtioh Possibilities

7. Reasonable to Expect Solution within Time Constraints
. | | J . ., ¢ |
Cr1ter1a presentatlon\;ncluded a) a brief review of the

[‘ . v )
delphl]p ocedure, b) an explanatiOn of the initia} choice of

. : . ?

for comments on the 1nd1v1dual cr1ter1a and on crlterla that

might have been omltted The results afflrmed the prop0sed :

in a° rev1sed cr1ter1a llSt for the sec0ndoquest10nna1re
L4 .

E. Criteria Rating'QuestiOnnaire ‘ .
. ‘ . . ‘ J - ’
On the second questionnairg .the co

ittee members were

asked to compare thehdifferent‘criteri _and estimatewthe—ﬁe;m

, he revised CriFeria

ES

were presented to the memberc with an expanded set of deflnl—‘

H
o

sheet required annlndlcatldn ofvdlfferences on a linear scale

.
P Y . . ¢ Ya 4 - 3 G
F
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-

as an aid in visualization and a means of insuring compara-
: _ A -Lon , - :
bility‘§f results. The results.0of the questionndire are pre-

’

sen%ed'in_Table 3=1, showing thearatings-for'each'Crif@¥ion"

numerically translatéd from their lineat p zitions. The rat~

. -
)

ings were frequently i
mémbersJaésigﬁedivery" iffeﬁéntvratings'to the same critérion
(A, B, D, G). .Givén the mixed reSultS{'it was not possible

13

' .0 . ' o . . )
to confirm or-reject any specific criterion, or to assign

any meaningful wéTghting.‘

-

S

“Tabié‘3—l Respdnses‘bn Criteria Rating Questionnaire’
¢numerical equivalents of linear positions, 10 = high)
- ' i ' B - :
CRITERIA . RESPONDENTS [AvERJ Y
/) Tl B c D )
D 7 . " Y B T
A:. Comparable With ' 5.7 . 0.6 3.6 2.5
Other Problems _ ' L
“B. Environmen£a1~Desigq 9.9 10.0 2.4 .4.5 €.5
 Task ' : ) o '
C. Availability of Back-| 9.0 10.0 6.9 9i9 9.0 |*
1. . ground Information _ .
- D. Motivates Subjects 1.8 # . 8.4 8.7 |’ 4.8
E. Time Constrainté; 8.%“ — 9.6 .7-2  6.3
" |F. comparable Within. 6.6 1050 | 9.0, | 7.8 8.4
- Problem Area- : ' ‘ e : '
. |°G. Uniqueness of Prob- 0.6 5.4 "1 9.3 3.8?
s lem .
ry E
.3
{ . L4 ‘ o »
1 " \” ° e

= S . AN
nconsistent, and in-several instances |

S
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F. Problem Selection Questidnnairé‘ Lo e

. ST In the thirgd questionnaire, a, gselected set of criteria-
: o . . : . s T . |
- (Appendix A-3) yere applied to a number of problem alternatives .

4 4 » ’
deVeloped~by-the'eXperimenter to represent -environmental systems

v

-~

with & fange,of cbmponents or elements to be. provided. - Prob-

lems were eliminated from the larger set‘of'aiternqtives’iq

| qﬁh; educatioﬁ;i-/;éé ifZEg;§’wgre too éé@plex.ih'térms~of K;
variety df'épacesf activfti;s;.or uniqui technology.q Thef‘ {
| " ) . . .
typical clas;rdom Was alsd excldaed as being too simple under
presént ipte;pre6ati;n§.éhd too cémpiek if'théfoughly.dééiéned

for new teaching techniques. The final set of alternatives
. (Appendix- A-4) was subdivided into three differerit categories

to maintain the distincﬂionfbexween problems, as shown below:
. . . - . * _ 7”'7~“ ) -1

-

K Grbup'I . Group Il » . Group III

A. Faculty Office E.. Dept. Conference - ~I. Campus Snack
o CoL Room "' ° : Bar. "
B. Administrative . : S ' o
Office . F. Lab Discussion . J. Dorm. Floor
_ , : Room . Lounge
.. ' C. Research Office : P : .
' .G. Teaching Discus- K. Departmental
.D. Teaching Asst. ' sion 'Room . Lounge

Office ; . . o 4 . - .
S .7 H. Audio-Visual Room L. Coffee Shop.
A.paragraph description idéntified theaalterndtives, without .

? .

- desc;iptive titles in order to minimize bias in terminology. -

_One respdnse sheet was pfovided fox each of five criteria,
with cues representing high,.middle, and low values (Appendix“

A-3). Cue statements were incldded at .relative intervals
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- - 1§
along a linear scale. The response format réguired the
; - A ;

-
-

members to rate théhfour alternatives in. each group,_wyth the
& -~ o

Understanding that the best problem in each group vOuld be

usad in the expeniment.‘ o i .
¥ oo - Sow . ST *
TheTresults of the third questionnaire are shown in Table

3-2, again us1ng numerical equivalents to represent linear
positions. The results were once more: varied and contradic—

tory, and in some cases committee members completed only a
\portion of the questionnaire. ;However,.the results identi-

fied.several problbms as overall high scorerg. The scores

were used in a further screening of thée problems by inspection.

The final selectiong were made as follows: (I) the faculty
office?ﬂas relatively more clear-cut thdn the'TAfoffice with

R, .a likelihood of conSidjrably more background~diSCUSSion in ‘the

= literature, (II) athe departmental conference room was.more
.

appropriate than +he two- classroom—types which seemed too,
&

- F

open—ended, ‘and - the audio—Visual laboratory which Seemed to, .o - '}
. T /.
bg technically difficult; (III)vithe campus snack bar was less

technical'than the coffee shop}‘the departmental lounge was
too similaxr to’ the conference room, and the dormitory lounge
was too remote from the classroom builging. .The’ selections |
> _seem to proVide a representative set of: problems Within the
-,bounds of the criteria. iInuretrospect; despite the incon-
sistencies in the quéstionnaire technique, it does seem that
the more expliCit examination and deCiSion—makfhg resulted inb*"' s

‘ -
a more rigorous seléction of problems than would have been

%

'likely uSing less formal methods. ' . j . . S }'
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Table.3-2 Responses on Problem'Selection Qiestionnaire:

° (numerical equivélénéé of linear positions,'101¥.highﬂ. .

‘ . A

' problems as a whole,.without using gpecific criteria

U R

ChITELL CTCTEN ALURIAAOTVRE .

. ONE . () (O (o) (£) () (n) L (@) (3) () (L)} X
Gomn= ‘[l a. 2 a2l i ol ausll was eglas sl a.s| 4.8 4.5 4.5
octreld osloua g el sl u.s 0.5 6.9)] 7.9 8.5 naef 1.5

Cther 00 1.5 2.9 Sudl 2.0l 2.0 2.5 5.9 3.8l 2.5 6.5/ 5.9 2.0 -
Jan - . C e - .

Lo I 5016, 512 5104 17.005. 518 514 5116 519 . 5180 £.0
pioti-" lal 1.5 .0l 0.3 2.0f| 5.0] 2.0] 7.0] 9.0|| 5.0 7:0] 6.0} 4.5

Loree g 2.0) 4.0 9.0) 6.0] 9.0] 9.0] 9.0 9.0] 7.0] 9.9 4.5

fects (6] 2.0 2.0L4.0 6.0 7.0 5.0 6.5 8.5} 3.0 7.5 6.0 5.00 -

jpe.o/4.0n0.0 g.0ll 9.0/'6.0] 4.0] 9.0l 5.010.0} 8.0 5.0 . -

’ TN1.5015. 02 #9525 Off 30.0R2,0P6. 555. 5/| 22.0B1. 5p9.019.0f - = -
IFize 4 6.0/ 9.0/ 9.0 9.0/} 9.0 4.5/ 9.0] 4.5} #.5('9:0.9.0] 4.5 :
jgiu B10.0l 9.0] 9.0/ 9.0 9.0 6.5/ 9.0 &.0f] ©.0{ £.0.£.0] 6.5
i - g 1. - i 1 e - 1 v
ClOl’l ,.C ’E‘..O Boq 5.5 6.,0 |7.5 5-0 8‘.70 LI'.O 6..0 .O 7.54‘.5 .

© o PLB.0 c.0l 4.0 2.0l #.0 6.0 8.0] 4.0][10.0['8:0 5.0] 5.0 ¢
55.0R9, 57 . 5[B2. 0| 53. 54 . O, 0pO.. 5|1 28 5p8. 09 . 50 5|
{avail-|al4.0) 4.0] 4.0 4.0 4.0 4.0 4.0 4.0l 9.5 4.0 4,09.8
e kley 7ag v 60l 7.0 5.5 5.00.7.0)| 5.9 6.5 5.5 5.0
ation [MN2.511.011.0M0.00 1.0 9.50.9.011.0{|15.0010.5 9.504.5
eomn= b 5.0l 9.0l 9.0l 9.0l 9.6u.] 9. 4.5l 4.5 4.5bu.5| 407 -
arable.l] o o o ' ' < = 'r\b »
wlbl_\_‘n .lJ /ﬁo()_‘,.() 9.0 9..‘0 9.()6.5 C.O ‘6o5 6.5 6.( 6.) '2. » .
.L'_- > ' . ) : ‘ : : '\J\W "4
) .E:I“Ob- C'-’".‘ 2.0 L*‘.O 5.5 4.55.0 L{‘.O 7.0 7.0 L{‘.O 5.0 (.O - ]
Cfens b, opo.ope.op3. 8| 22. 5h4. op2. ofis. olf1e. chs . dhe. ohe. 5 .
Abso- {H10.0f - of -|5.0ff . ¢|  |s.0no.olfc.p | -]5.0 v
lut1e"' 1 ) 4 | . B | R I ’_‘1. ;
ALD [ 100 95 03 117) 11y 83 4457440 1101 109 102] 84 o
— . - . S ‘ )'s-
A-E' indicates alfferent respondentshmnot all refpondents - e
'answeredvevery crlterla question, T indicates totaﬂ Vo %
o ' i
"Absolute" refers to one respondent who.;ated a1l the ‘
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TEST STRATEGIES - ' ' . : -

"The test strategies_ﬁor this ekperiment, were developed,

- Al

using a -national survey of.design practitianers, to obtain
a uniform measure d¢f current opinion, which was then used as
a framework for strategy formulation by the experimenter.

Ay

T A, Natlonal SurVey Questlonnalre 13

y v 4

The-natlonal survey was based on a questionnaire mailed

to 1nd1V1duals promlnent in the design, methods literature of

enV1ronmental des1gn and related fields. ' The purpose of the

k4

qudstlonnarre_was to present alternative approaChes to design )

vstrategies in a standard format in order to obtain the most

- . - . hd

current viewpoints stated in a readily comparable manner.

N . ' : ’ o \

Materials-fOr the survey were generated as: ay~'"steps",

,listing alternative operations which.might be includéd in a

v - "n
. M

Vdesign strategy; and b) "assumptions", describing alterna=

) d. Solutlon Generatlon

tive)apprbaches which might be used‘in formulating a specific

, P . :
set offsteps in a design strategy. ‘Thexsteps were based on a

,.

e 2

synthesis of a nunber of des1gn strategles (Appendlx B-1)

12

wath an emphas1s on steps Whlch seemed to have™ general‘

acceptance, but which indicated basic dlfferences 1n meanlng.

© v

A total of 32 steps (Appendlx B~ 2) were 1dent1f;ed in the.. “

follOW1ng general categories:

' a.‘Deflnrtlon ';r ) e. Solution Development
b- Planning S S . £ Evaluation
=T Informatlon and Organ;zatlon ’ 9. Implementatlon and Follow—

. . . ' Through. o P
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" Tn oa similar‘way, the‘assumptions'Wereugenerated from the

| design methods literature;- althodgh in this instance- the con-
cepts: were usually not stated expllcltly*and had to be extrap—

"olated on the basis of overall(appqoaches to desrgn strategies.

In the final outcome, 19 basic assumptions,(Appendix B-3) were

generated in ¢he following categories: , ’
a. Strategy Function c. Q§pecific Operational\Approaches
b. Design Process ' d. Overall Problem- Solv1ng Approaches

The survey requested respondents to lndlcate the sequence

1
cw

of steps for an effective design strategy, and to signify
p ‘

-

<

their’ agreement or disagreement with the assumptions which

- were ‘offered. - In bath instances the order of presentation,

was varied from the  groupings indicated above, in an effort
°, ' - * ' R ‘

= to break up obvious sets and encourage independent judgments.

Forty prospective respondents were identified on the basis of

demonstrated interest in design strategies, and questionnaires

were mailed to these 1nd1v1duals along w1th(é/cover1ng letter

of"® eXplanatlon and a pre- addressed and stamped return evelope. '

1

B. Survey Results >

, . c

A total of l3lrespondents,‘representing important methods

areas, responded to tﬁé’questlonnalre. The results are. shown

on Tables 3-3 and 3- 4% and summarlzed in Appendix B-4. . The
relevance of the questlonnalre was essentially conflrmed,

. A} - E - -
since each step andfassumptlon was cited at least once, and

most were mentloned four or more times. .Typical step results.
LI : ~ . . - >

included a) support for the,commonly recognized sequence of

" . - .
I~ ¢ . - '

. - .
. . » _ . o ) N . o ..
i . o d ' . . ? i
N . s . .

>

/ . N
P T ’ M ¢ . "0 , . ’

L] s N -




’or'approach on the part of practitioners, which might be

.u

""definition", "information gathering and organization®,

"solution generation", "solution development" and "evalua—

tion";'bf twenty-four of the steps cited by a majority of

-

" the respondents,ualthough With no conSistent pattern or -

:quence, and c) an average strategy length of 18 steps,

although in some cases steps were combined to approach .a 10-

step strategy. . Most importantly, minority groups of respon-:

dents selected specific steps not generally accepted, and

suggested sequences of step usage different from the general

]

pattern.

g

. The assumption results confirmed most of the assumptions,

r -
-

with at least minor acceptance for assumptions considered to

I

be more systematic,.' An important aspect was the observa-

~ ~

tion that the respondents frequently did-not discriminate
: P A

between assumptions that were intended by. the experimenter

to be conflicting or contradictory, For example, the "Stra-

tegy function” assumptions were intended to represent mutually °

. ) - i ) N
exclusive approaches, yét some respondents agreed with two or

more of these assumptions. Although. the responses may have

been due, in part; to the phrasing of.the!assﬁmption'statev

ments, %t appears that there is a lack of a elear understanding

-

aided by an appropriate display ana comparison of these cont

cepts in the test strategies.,

!

. "'. . | ' - o ~f

3
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Table 3 3 Step Responses on Natlonal survey QLestlonnalre

(numbers represent order of inclusion in strategy sequence) s

-

Fr
o

EF DT RTIVES . =
Definition Flann Informatidn i
: (1) () G) () (3) (B (D G £95(1k)(11)(r5)(1 )(1ﬂ)(1:)(16)
A 1l 2 20 21 2] 2z | 1k.5 12,4 1 5
L 113] 1) 3| -5] e 16] 15 olo0l11]12] 18] 7] 17 g
. 6 Al 2| 3| 4| s| sl ofolaml 1ol 4ol |
41 2l ozl al 9l 15| 60 w0l dal7)aefaef
F| 2 3| a| &l 5 12843 10l 15 ‘ ’
wmlol 2l 1] HIEEI IR
‘ S . 5 ol b T 7. . ,
J | 4 . 3 41 .5 1 2
kK |. 2] - sl sl ol 3 BRI ', ‘
Llel 3 o 8] 5| af-gl10)a1]12] | of L
1| 2 | a) o) o) -2 ~ 3| o] af.2]
110 721 7{ o{10] 8| 8 4| 71| & 7] 7| e 5| 3] 2 )
Generation- - - Development . Evaluaticn Imps
Q7 (18)(ﬂ9 (20)(21)£22)£2l)(24) 25)(26 (27)(28)(c9)(30)(§£)(32)
: YR s e sl slsel B 5 !
R | 2] al19lc0|2a] Par 19l u] [ aal 22| 7| 231 25
) A\ ) T . g g o .. ’
. P31 15 SN S S N 1 16] 17§ 19
15| 20| 23l 02| 21| 2y 29 18] | 25] 19] 27| 26| 28] %0
o " gl 9] 10 ~las] o f ool gl cpaelas]  Las
G . “{e
\ H sl sl el 6] 6] 8] 94 6l6,7 ol 71 af 8| s
5 9]l 10§ 3| 6l -9 SIS KX ]
J 6 9l o] 8]0
K - - I
) L, | 139 16| 1719 21 HE R 14} 221 20 231 25
b | os| 8" I EAREE I ) T A 2
ol af 7| sl ef el-s| 7| ef e| s| «| | 8] 8] 9] ¢
o - — / . T .

A-M indicates respondents; C;G;omitted this section; T=total.

B -, .
¢ . . . . -




Table 3-4 -AssuﬁptidnAResponses on Nationalqsurvéy'QuestionnaireA .

s

&
"

.

»
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Y

-8

i
IR

e |

. ' . a . . & -
X" represents agreement with assumption

: fiediby the - requlrements of the reseafch study

: experlmental con51deratlon was ‘the

I .

N 2 W
; “ASSUMPTION”ALTERNATIVES | |
Function . . Process v _Operational: Overall
. ()B)(e)|(a) (e (£)][(g) (M [ (H X)L [m)](n)[(o)](p) (@Q(r)(s)] ,
A x 1 S ——+ Tx T .
Bl “ X o X -l X * X
C | x]x X X x| x X , X x|
" b n ' . " x| x| Ix '
E | x{x| [|x . \ X T tx; ¢
F | x X ' X | X XX LX
G'k ® : §hx l'x X x| ?
H X X [ x X N X X|'x X
Il x| 1 x| x . x| x| x X .
J X | x: L X \‘ x| X x| X . %
K . X X ' X X ! X
Y . | x % X X [ XX
M . X 3 T R R X :&.
T-1]6|]8]6|516]8 21964635584 9]51|3
.4¥f NOEE. A - M 1nd1cates respondents,:T 1nd1cates totai for all
‘ ‘ respondents «'s;
L s .
'~ C. Strategy Development . .
' The development of the specific strategles was based on
_&. the. perlmenter 1nterpretatlon of the survey resuits, modi-"

,

The magor

comparablllty" -of strate—

gles, requiring the prov151on of dlstlnct varLatlons whlch

\
~

’would be likely to produce measureable effects on d951gn

he -

performance.‘, he degree’ of guldance Ln each, strategy was
) i .

T e
[ aal

5

.'\7 .'_'P
.a“

@
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o 1n1t1ally varled by spec1fy1ng three dlfferent lengths or num—

&y

- bers of steps ln the strategy sequence ~Tth approach 1s-' .

-

suggested by the strategles of varlous lengths as shown in

+

Appendlx B- l Lengths of 5, 10, and 15 steps were selected

‘ n h o
T ln\erdér to have comparable numerlc dlfferences, whale main-. -

»

taining the"strategies withln manageable~lengths.

L . : . "~ . . : . . [y
: ¢
.

ca i : . The structure and content of the strategles were also
var1ed 1n ways Wthh mlght h1gh11ght the dlfferences, prl—'

marlly through developlng the strategles in 1ncreasrng ordérs.

osgeomplexity (Appendlx B 5) The 5 step strategy presented

[

: the slmplest, most bas1c approaches, eSsentlally redeflnlng

~ " the majorad1v1s1ons 1n the des1gn process, apd forc1ng rellanceﬂ
Do rd L. . R
on.. individual intuitfve'approaches “The 10-step. strategy was

s

based on a more- tradltlonal model us1ng the general sequence,.

survey. w.The.leVEl.of detail provided“was increased over the

o '

’

'obv1ous patterns, -and regulred cons1derable 1nd1v1dual o @l
o 1nterpretation The 15 step strategy was. developed by the

-experlmenter as a the retlcally "best" de51gn strategy,
& . . i Yy Y
»utlllzlqiipresumeably more systematlc concepts pre—tested "

. and conflrmed*by at Aeast a mlnorlty of respondents in the _
5 - o . C -
survey. This strategy lncluded operatlonal lnstructlons for:

-

1n1t1atlng the problem—solv1ng act1vrty,'controlllng informa-

o e tlon relevance, andésolutlon~developmentu providing specific

— Lo . ) : s . - w

. . -~ and most popular;steps and assumptlons.ldentlfled in the L
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des1gn aids to’guide the subject throughout the deSign process..

-

The three strategies (Figure 3~-1) were then assumed to 1nclude

‘diffeiences in»length ‘detail, - and technique which.would dir~

ectly affect the quality of éeSign rprerformance.

Figure 3-1 Test Stfategy Step Sequence

) ‘. .' *

L 5-STEP STRATEGY = = . 15-STEP. STRATEGY g
. - o Ty | .
1. Defining'The'Problem e l.,Identifying Design Task;
o2, Gathering Data ] R 2. Determining Cperational
: o Definition o -
3. Developing Preliminary ) S IR
Solution - : 3. petermining Minimum
P © Limitations o '

4. Detailing The - o -

. Solution 4. Developing Solution.
. . . . .. . Targets o
5.'Evaluating Soiution : ' ’ . S
: . S 5. Screening Solutlon
. L Targets »

10~ STEP STRATEGY o ' ' L
s e 6.;Gather1ng Data . .
1. Determining User X o o .

‘Requirements T Proéessinngata" i
2. Determining Solution =~ . - . 8. Identifying Subproblems g

Constraintss\ : . - .

f. ’ 9. Developing Subproblem ;
~ 3. Gatherlng Data- . B Solutiéns
oL Y . o

4. Organizing Datal_ ‘ 10. Integrating*Subproblem ,

Solutions
5. Developing Conceptual' , _ . ' .
Solutions - : 11. Developing Solution

, ‘ System Alternativesa
6. Developing Subsystem o

Solutions - , 12, Detailing Solution

- . Alternatives - .
7. DeVeloping'Overall . . T N
- Solution : 13, Evaluating Solution
S ) R : lternatives ’ Y
8. Detailing Overall . . /? . -
Solution - - . - 1l4.”0Optimizing Solution
9. Evaluating Solution | 15. Refining Solution

Revising Solution:

v
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' In’the final form of the strategies an effortvwas,made'

to preserve strategy dlfferences while mlnlmLZan extraneous

-’

- o factors as follows a) strategles were not~1ntended to

C e Mtrick" the subjects)'each'of the strategies'was'worEable and

<
1presented as stralght—forwardly as poss1ble, b) roman numerals

were used to 1dent1fy strategy steps in order to hlghllght the.

,,

- 1mportant functlons of each slngle-step;lc) step‘tltles were .‘

o . kept as uniform as possible between strategies, except for
. specific'differences‘inﬂ%@aning; and”d) .both titleslsndw"

e

explanatory definitions were reviewed for clarity‘and’ambiﬁ

.~

guity.

D. Strategy Hypothéses.

Specific hypotheses to be tested in the experlment were
developed in terms of assumed dlfferences in the strategles
s

e .'(Appendlx B- 6), the general/hypothes1s and subhypotheses are-

LY t @

llsted as follows.; oo

General'Hypothesis D;fferent strategies w1ll produce s1gn1-
~ficant- effects on des1gn problem—solv1ng '

Hypp 'V The 5 step strategy should generally be more 1neff1—
cient, producing unsat1sfactory solutlons I

“ Hyp. 1-1: The 5—step strategy should require more tlhe for

’ - solution. - \ o o o '
Hyp.'l—Zr The 5- step strategy should requlre greater effort
gettlng started on problem—solv1ng ‘ _ o

123: The 5-step strategy ‘should be hlghly redundant w1th
lnformatxon 1 1scr1mlnately selected and used v :
< r 2 ¢ .
! yp 1-4: The 5- step strategy should show slgnlflcant impoover
T ment in effLCLency,over repeated test\sess10ns. '

"'yp 1-5: The 5- step strategy should produce s1gn1f1cantly
poor solutlons, 1mprov1ng over time.’

‘




'ﬁﬂcentratlon on details.
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‘ - _ - o . '
Hyp. 2: The l0-step strategy should be relatively easy to
apply, but should be generally conservatlve, and somewhat
1neff1c1ent.~ :

v

. o %

,: Hyp. 2-1: The lO step strategy should facllltate the gtart of
'problem—solvrng w1th llttle hesitation., -

v
>

Hyp. 2-2:° The - lO step strateg shoﬁld"d1splayrcons1derable
redundancy and 1neff1c1ency, with- a relat1ve11 great con-

<

yg ?2 3'" The 10-step strategy should rely on practlcal
congiderations rather than conceptual approaches B

yp -2—4: The '10-step. strategy should show relatlvely L C ’

" slight but constant improvement: 1n eff1c1ency over tpree ‘ o,

test sessions. L oA o : -

yp 2-5: jﬂThe 10- step strategy :should produce poderate,,
traditional, solutlons w1th llttle improvement. over t1me,

”Hyp.,3: The lS step strategy should be overall the most N

f1c1ent and effective.

=N [

3-1: The lS step strategy should provide f a direct,

. effectlve definition. of the problem o

' yp. 3-2: The 15- step strategy should utlllz information
' selectively, with agﬁeff1c1ent problem development.

Hyp. 3- 3: The 15- step strategy should concentrate on ,con— ’,
ceptual information," developlng broad solutlon 1mpllcatlons

Hyp. 3-4: The 15-step strategy should be relat1vely eff1c1ent
ﬂnltlally, with little change ‘over time.

315 = The 15- step strategy should produce consistently .
hlgh level solutlons ‘with an emphas1s on thoroughness and
innovation. : .

LR R

INFORMATION BANKS

The - development of the three lnformatlon banks 1nvolved

ldentlfylng the kinds of 1nformatlon needed genera,lng 1nforma—y

tlon~ ltems from the llterature, and structurlng the information

for the sub]ect S*nse. j L wy o | '

.7{‘. . . o 49 PR . - . »
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A.. Txpes~of Inférmation

7

Ma]or tprS of 1nformatlon, applicable to the three

problems,'were Ldentlfled from the test strategles Wthh,
) -

either 1mpllc1tly or exp11CLtly, dlrect the subjects toward

the\acqulsltlon of dlfferent types ofrlnformatlon and the

N
expreSSLOn.of dlfferent-concepts, Information  needs were
. o o :

Adetermined.in the areas of: a) defining the problen; b)

,developing the prohlem~and soluticn requirements; c) speci_

‘ .
fylngrthe flnal solutlon. Spec1f1c "def;nltlon -information -
'mentloned in the strategles 1ncluaes .X) - user requirements,

’

"_2) solution constralnts, 3) vexternal}constraints, ﬁ)~-design

" task deScriptors, 5) operational¢definition statements;

;coverlng both detalled and minimum llmltatlons. Prdblem

-

"development".lnformatlon 1svnot-speglf1ed,1n the strategiés,
except\for the ﬁirection to "gather" 1nformatlon, but alterna-

‘

tlves commonly 1dent1f1ed in the llterature (Appendlx J)!

include: l) user characterlstlcs, 2}* user.act1v1t1es,

3) des1gn factors or: pr1nc1ples, 4) -, man4environment research

’

1nformatlon\3and 5) background 1nformatlon on 51mllar problems.

|

"Solutlon spec1flcatlon 1nformatlon is 1dent1f1ed in the

—— — g

strategles at various levels including: 1) conceptual solu~-

tions or solution targets, 2) subsystem or subproblem solu-
tions, 3)  solutien elements to be included'in‘overall;solu—"

tions,‘and 4)"solution spécificationp or-element details in .

final solutions.‘ Evaluatlon lnformatlon would not requlre a
a -

separate/;nformatlon type since 1t would refer back to earller

crlterla. Process 1nformatlon would also‘be~needed¢to 1nd1cate'

» o . @
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.cessing the information. - _ z/*"\ .\
. .o . . . - .-‘ \.’

b

-----.able to a’practicing‘designer, The different;source types

" 'hénsive as possible. Additional details might have been lo- ‘v

~cated, but in most cases these would have been beyond,the

" reach offthe typicalydesigner;v D ' . e

SpelelC technlques or types of relatlonshlps\used in pro—

B. Information Selectien ": 3 S

Specific information for the three problems\was identi-

.

fied from a variety of sources, most of which..would be avail-

L

are identified'in'Appendix C-1 and the related lite'atureNis

c1ted in the 1nformatlon bank blblloglaphy (Appendix J). How¥

.
> -\\

‘ever, some source, examples are: a) artlcres,.textskkdhd

handbooks, related to,env1ronmental design;:b) design curricu-
. : N , _ } , AR -

lum materials; c) planning materials used for designi g.edu—\.

AT o

cational facilities. The seaxrch. for information was as‘Compre%?“

4

- -

’ : ¢
o

The selectlons of 1nformatlon from~these Sources were

‘

controlled by the experlmenter. The experlmenter essentlallx
acted as a deslgn practltloner preparlng information for his
own prOJecty but 1nclud1ng an’ expanded range of lnformatlon
alternatlves to allow fpor different subject approaches.

Selectlon procedures inclu8ed: a) llterally recordlng-énfor—
. IS 1 . . (

mation~as given; b) -screening informatlon,for applicability

AY

- or relnterpretlng it in a more useable form, c) .fabriéating'

lnformatlon uniques to the éuperlment ‘(as in the "cliént"

requlrements), or unavallble 1n the lLterature (new ltems for

: .: co | i ' ) 51

iy
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"Vending"). This fabrication, however, was kept t‘]a minimum . ° .

-

‘and was always based on general des1gn DrinCiples. 7It should

d . a

|
be noted that With the exception of clearly outrageous state~ -
ments, the information was not checked for aécuracy or rele-

vance, since it was assumed that in the real—world the designér

oot . i

is often presented with uncertain information and it 1s one
of the functions k{ the strategy to aid in deallngfwith.such_f"

@

information. -
N ‘ . M . l. . . . . v -
.u“ftem Generation . < ’

i
-

o

The assembled information ‘was subdivided to form speca— !

L

fic information items; as shown in Figure 3—2. This involvedf
Lgeneratingf 'a). lists of single items; b) modified'items‘orz'
brief statements, c,t longer statements representing defini—"'
tions or concepts, and d) drawings of solution elements or
typrcal layouts. COnsiderations‘in generating %he items
includedE 1) logical and cons1stent subdiv1sion of larger

;concepts;.Z) familiarity and understandability ‘of terminology
and_definitions;.3) - ease of combining itemsrinto complex)j“ e
-expressions; and 4) control of‘item'quantity in each.thé'
‘category.to provide a'raﬁgé of alternatives (usually 10;20) f o

without overloading the subjects:.

..

Y

N - A
\

D. Information.Structure
N “ 7 .

-~ .
[

The collection of individual items was ‘organized in

order to: a) facilitate subject ljcation and use of items; .

‘and b) to simplify the coding and interpretation of items.’
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'Kach item was given a specific location in a hieraxchiecal
5 . s .

.

: . : Coa.
system including: + 1) major information function- (using an

Y

' aiphabetfc_characten); 2) specific information characteris-.” -

s
©

tics (usually by "tens" digit); and 3)° individual item -

. ~ ' . B ‘ . Ty S

. = Seqguence (usually "unit" digit). THAis informationgl strudture

s | ’ ‘ e T
‘was governed by: a) 'rough Segaence of use, to facilitate

~

B 4

locatlon and retrleval béi randomlzarlon of specifib-uqe s
sequences, to mlnlmlze probablllty of a stralght §eg@ence o}\
- ' o selectlons, c) randomization of 1nformatlon 1tems Wlthln

e ' o
- ,kM.categorles, to avord experlmenter bias. in determlnlng 1tem

-

6 - 1m§ortance.‘ Termlno}ogy in organiZational'headingsgwaS'bhoeen
to maximize identification and recognition, and_ninimi;e Simi;;
larities to terminelogyxused in defining test strategies.. *

. , S
Category descrlptlons are given in Appendlx C-2. . The main“ . N

A v -.
'

headlngs used for all three information banks are . shown as" .
A . o'? ) . oo ., - a ®
.follows;l o o . , : e e

' !

e

y : < .
.~ ...  DBefinition Information K. General Information
A. Problem Descriptors . . . . v
o s Solution Description
« B. Process Descriptors. - ® _ T ~
' : : : '}« % General Element Classes
C.- Overall Requirements = v : o <
. yAR Solution'Condepﬁs' :
- © D. Information Requirements toe ‘ o -
B o o . W. Graphwc Elements '
E. Seneral Requirements AR ’
' ' ) WXY Element Specmflcatipns

L

",

° . « . » ’~Q..__-

Development Information ’ . O o
: o ‘ ., Solution Elements, ., = ,
. F. User Types . W _ Tl . .

¢ . M-N. Material Elements - >

'G. Action Types o 7 E |
. Y o« 0-Q. Furniture Elements
! H. Design Considerations U N e 0T
. T . " . _ R=S. Equipment Elements .
‘ J. Research Informatiom». =, - . _ _ ' : §

. ﬁ e ' - T*V.'AncillaryrElements - 'f

: o - v . o 4 "I'-O‘ N « . 4
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© “TEST APPARATUS,
oo The deVelopmenf of the apparatus represented & key

. ﬁ;eIFment in, facilitating the .practical application of the
. ST RN | ; ‘
-+ - experimental materials in a real-life-like setting. The

[ . ( ,’ | . . .

hpﬁogédure used was to identify.a set of working requirements
r g ‘ .

‘ ' [ A ’ ‘ i . N
~ based on the research needs, and then to determine the physi-
» I " . . . !
% % oo . : : :
cal components. which would best meet these requirements. >
- / . . ‘ . ' .

Yy s

. ! . K . .
. . - w
I

Cal . #o y
Al. Operational Requirements .

>
»

The major consideration in apparatus design was to

‘permit the éubjécts to work as naturally as possible, per-

¢

b forming a number of diffdrent operations as described in

.

Appendix C-3, and'listed by major headings,below:)- '§

1. Information Selectinn

2._In£grmation Groaplng ‘ )

.3.aIn'd;matiph Re‘atlonshlp L E N
. '\4_ﬂfzfé;maﬁion,Dispasition |

5.- Information Modification

6. Information Consideratidn ‘ L ' .
It'was considered 1mportah£ to permll all subject operatlons
to occur with a minimum of gffort,.and with -a natural flow :
~ of Yisual_and.PhYsical movements.' . - : L

-

L b

B. Recording Reguirements -

The-aoparatﬁs also had to accommodate the rec%rding of"
* ‘ \

'f.:' speclflc data requlred for the- 1nformatlon proce551ng proto-

S T

cols, encompaSSLng the follOWLng dimensions descrlbed 1ﬂ'deta11

W

in Appendlx C- 4.

.- "‘
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. A.‘Identification R ’ ‘ . N

3 - . o ' 3

B. Sequence ' L ot

C, Duration

B .

'D. Description . .. . . :

Ty

'E.” Step Behavior B S

It was important'that all of these recording Operations\should
- [}

>

3 be accomplished as unobtrus1vely as possrble, mlnlmlzlng sub- L

- ject distractions and seconqyry task burdens.

-
-
Lo -

"C. Practical‘Reguirements

.

e -Additionailrequirements were considered for the best use

of the experimenter'slefforts and.resources, including:
a) the use of three sets ofapparatus,permitting‘simuitaneous
running of,three spbjects to reduce the aﬁountof tiue‘required
for testingr b) economy of constructing and transporting

S a ] \

multlple sets of apparatus c) durablllty of apparatus to
w1thstand repeated useage and hand&fng,‘and drﬂ&mlnlmal de-
pendence on experimenter for apparatus operatlon., In ‘longer

terms, the record produced by - the apparatus should be con-

AN

venlent to.handle and process. in coding and analys1s,
* . ?

D. Design Process Information Recording, Systeém (DEPIRS)

.
»

DEPIRS (Flgure 3~ 3) r?p’esents an integrated set of

- v e
components adapted to des1gn prqplem*solv1ng research, Wthh

should be ldeally sulted for.thls studyvand'readlly applrcablev

to future pr03ects. The apparatus develOpment is shown in

Appendix D-1, with the detalled spec1f1catlons in D-2. .The

“ v

bas1c approach uses phys1cal 1nfoxmatlon cards whlch are

.

¥

- [




s

. formation items prp—prihted'on

metal pages. Standard chalk and erasers coulavbe used with

é@ o | S . . T gy
selected and manipulatéd by subﬁ&gts, wi'th a photographic

récord taken automatically at pre-determined intervals, pro- - .

r

viding'data on information use. The major elements of the™ap-~ ~'1 )
. ’ . r R N . L . <9
paratus include: 'a) a 16mm motion picture came&a, with b). an . ' N

Y

attached timing mechanisi, operating' a single-frame exposure -

release every 30 seconds, recoxrding the‘man%pulation of ¢) in-

N .

H

;light cardboard backed byva“\
small magnet, whith allows'khém to adhere to 4d) a 3' x 5'
metal chalkboard, resting on e) ™ -a removeable base;. after thé

cards are removed froﬁ'f) a three—ring storage binder with

the items to perf%rm necessary modificati’ons offélarifibationsl S

Figure 3-3 ‘DEPIRS‘ApparaFus ‘ . o v

* ' Scale: 3/8"= 1"
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'_EEPIRS was designed for use in a classroom at the School

of Archltecture, UW“Mllwaukee (although it could be easlly

adapted for other locatlons) which was partlcularly sulted for
the exper1ment~(F1gure 3—¢T with: a) movable dlsplay panels

which could be arranged tos form test "booths ; b) 'adjustable

spotlights to illuminate ‘the display area; c) 'work'tableswto

. I . N .
“,stpportthe apparatus; dx ‘chaits for seatlng, and e) unused

alcoves for stor1ng larger apparatus e ements between sesslons.
= at

The apparatus was set up as shown, follow1ng the proCedures

descrlbed in Appendlx D- 3.

Flgure 3-4 Test Room Layout

. f .
A . .. . .
! : .. - ’ “
N .
t———— b ’
k3 o = - . .
‘

Scale: -1/8"= 1"

[N
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" TEST SUBJECTS . _
. s . ) - . . ‘ - . .. o l'B. \} y
_ Subject selection wgs based on a determinatiof of the’
. " . - o . | P
characteristics desired in . a subjéct population,-identifica—

'tion of a suitable population, and seléection of/the best

e

pOSSible set of subjects. . ' K‘ 1-4@"”
-~ A, Subject.Reqdhrementsf
. P ’ .. . . . e .. . .
Subjects were previously identified as students trained

)

, at an advanced level  in enVironmental deSign problem-solVing. -

IS

Additional requirements included a) membership*in a size-
able pool from which a uniform,subset.could”be drawn; b) - parti-
c1pation in a common - standard curriculum, c) some ekposure to

formal deSign methods, Without being trained in any Singl ) o

.

strategy or method; d) high motivation to- cooperate with a

somewhat unique and tedious design task; and e) ability'to ‘
e . ~ : - , R . Ce s
spend time on three all~day test sessions in addition.to o .

. v. ’ - - . . R . . . 1
orientation.and. study time. - : :

~

B. Subject Selection . o ' . o - A g

' . - i
k4 .

The neareft available students With suitable character—.

4

. ) {
istics were graduate students at the School of Afchitecturep-

University of Wisconsin, Milwaukee (the department on the . '“ p

Madison campus has‘feuistudents and'their backgrounds’are very

diverse) The students in Milwaukee were reViewed With the aid
— ¥

of a cooperating faculty member to identify lnlelduala who

had completed course work related to the scale of the proposed '

-

test problems, and who seemed_suitable in terms of level of

f'/ e c _; . wss; | 174 ll' | . \' | S

I}
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competance;and potentlal 1nterest. The recordc of the candﬁj_f‘

dates were rev1ewed to lnsure a. 51mllar1ty ln. a) undergradu4
L : ate. educatlon, bY graduate program, c) work experlence,'d)

academlc performance. Us1ng th1s 1nformatlon lt was poss1ble

| . . - R
\

. to ldentlfy a matched group of.- ‘nine subjects wrth several al—

a

. ternates.. The "nine students were further lelded 1nto three _ f’

. equivalent'groupslon the basis of.the faculty-member s class
L . 2z, ) . ' . , R ] P .
~experience“With the SQecific'individuals. o
* o S ’ . . . . : v ,. ‘ ’ . - . : .

. C -

S

. ' C. - Subject Recrui tment
The mot1vatlon of subjects became a major factor in the

flnal recrultment of prospebtlvo test subjects. Inltlally,
SER
" the- experlmenter, aware of the effort involved in the eXperl—'
ment, had specified a stlpend of}$202for each subgect. ‘This

..

seemed'to be a substantiai,induCement; averaging $3/hour?for
. ) . { ‘ : . '
three and a half'day's work. However,'when the students
- were 1nformed of the nature of the experlment and the st1pend,

. : only s1x ,of the nlne-candldates responded " The expeerenter.

-’ -

. o then determlned that many of the students held outs1de jObS

" b

with an. adeguate 1ncome and thenefore the st1pend Was not _ B

suff1c1ent to 1nduce students to glve up tlme near’ the end of

N

'the semester.: Consequently, the st1pend was ralsed to $150,

’

and on th1s bas1s the recruitment was'’ satlsfactorlly completed.

e - “ - . N
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«

cohtrasti specific pr%cedures<were required in attempting to

insure a tHorough orientation of subjects before the experi-

CHAPTER IV - IMPLEMENTATION: Operating Procedures = °

Introduction: %'1 T A a
The procedures used‘by subjects in the experiment were

left up ‘to the individual subject's own workingipatterns. In

= .. . . ~

'ment,"and in generating meaningful results from the data re~

' ¢ : 7 ' -
cord after the experiment.; Additional procedures demonstrate

=z ¢

the experlmenter s respons1b111t1es 1n handling the apparatus,

and the method for runn1ng the experlment. ; ¥

L . A

*SUBJECT ORIENTATION
The orlentatlon of suhjects had two maln Purposes. "'.,':_
o i

a) presentatlon and 1nterpretatlon of the strategles, tovin—

'sure that‘subjects would be able to use a glven strategy ini

i

practice; and b) famlllarlzatlon of subjects w1th the tasks

- I

- to be performed, in order to reduce accommodatron time in

» ) . - . A
the test session. - # A
. , i . N S .

|-

‘.A} Inv1tatlon

~

~
B

A memorandum was, used to inform potentlal subjects of
their selection for the study, and to brlefly descrlbe the
nature of the task and the time commlttment requlred Sub—

'jects were requested to «contact the liason faculty member

N S T

to reglster the1r acceptance and to request any needed clari-

flcatlon. ! - ' - ' T




- L

-the test sess1ons on'three consecutlve weekend

~covered elsewhere 1n th1s report. X

h. 52

B. 'Orientation‘Meetingu {fﬁ}

o

A meetiﬁé.was held with“the experimenter, the liason

faculty ﬁember, and six of the subjects to answer questions

’about t} experlment and work on schedullng (addltlonal sub~:

jects were handled 1nd1v1dually) The experlmenter expandedVQ

on the 1nformatlon prOV1ded 1n the 1nv1tatlon, av01d1ng thre -

_spec1f1c dlscuss1on of problems,or strategles The bulk of

the meetlng was concerned w1th maklngndec1s1ons to; "a)"rung

; b) ‘work on
% 3 :

saturdays, sundays, and’ mondays; c) start the sessions at

9:00 a.m.; and d) “schedule -the weekends within the time re-

[y
'

maining ié the school term. .

'C.' Orlentatlon Booklet o ‘r‘ Ty

-

An or1entatlon booklet was prepared for dlstrlbutlon
to- subjects one week before the flrst test sess1on ThlS
booklet prov1ded 1nstructlons for the experlmental task for use
as a reference throughout the experlment. The contents of the
booklet are listed below, they e"sentially presented'materials

1. Procedure Summary

21?Exper1ment OVe}v1ew . _..' e

4 s '
e 3 Des1gn Strategy Introductlon

1 o Y
@ oL .

' '.4.'De 1gn Strategy Descrlptlon )
5; nformatlon Bank Introductlon e

6"Informatlon Bank Structure

. 7. Experlmental Apparatus~ : : o '

-

’

62
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8. Using Information Items - . E . C
. . H l' N 3
9. ﬁsing Notations (chalkboard)
10. Pretest

ll.lTentative.Schedule of Test.Sessions ,

A ma]or function of the’ booklet was the distribution of

]

'spec1fic test strategies to their respective users, listing
the spec1fic information for ‘each strategy under<"deSign
strategy description while holdlng the rést of the booklet

constant. The largest amount of space in the booklet was .
yused for orienting-subjects to‘speCific functional aspectsf '
N . . ? . X . ~

: C .t ‘ . -
of the-experlment , An attempt was made&to describe the de- - _ TN

P

»

tails as fully and operationally as . pOSSible, without making )
reference to the problem types, in an effortlto prevent ad-

Vance.planningéor-thinking about a Specific method of solu--
tion. S e A ' - o oy

i . ’ » "
The»pretest Wasgoesigned to serve as a study aid and to

be used in the pre-session orientation as a check on subject -

comprehension - The test used "matching" and "fill-in-the-
'blank" questlons to verify subjoct understandq@g of° the de-
sign strategy and ltS applications, and the structure and

use of,the information banks Some questions were‘left open—_

49

ended’in order to elic1t general questions anﬂ uncertainties ;

'.“about the materials

-

. \
D. .Pre-Session Orientation_

4]

The,experimenter met with the three subjects who -would

[N

be us1ng the same test strategy on any- given test day, at

T .. . . .
T . d . . e
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the start of,the'test session, taking abod¥t one-hour-on the - I
initial sessions to cover:' a) .review of the-pretest and dis-

lcuss1on of the, test strategy, w1th examples and reference to

. questlons ra1sed on. the pretest b) a demonstratlon of the

Iy
. ’

apparatuSJand 1ts use, llterally paglng through the lnforma—
r T

e " tifon banﬁ7and review1ng.the 1nformatlon contalned in eaqh’

- sectlon, and o) a brlef statement of the problem and a dis-

a

cussion of its 1mp11catlons, stre551ng an 1nnovat1ve and
oredtive«approach. 0
{ |
R Pre-session orientations were given on all three week="
. . .

oL [

-

ends with the subsequent sessions taking lessotime to cover

- - - ‘ , . ‘ ,
the problem statement, and new information. In all the ses———
. sions the subjects were encouraged to ask'questiOns, and ori-
*
entation was contlnued untll subjects appeared confident in

-

comprehendlng thelr task An effort was made to insure unl—
formlty between or1entatlons for dlfferent gromps, using- a :

standard formatq;and repeatlng srmllar 1nformatlon,1n the
same way. ) . RO o

e

'_EX?E'RIMENT PREPARATION : ’ o

- | ( The preparation;ior the ekperiment consisted of working
L _ ‘with the apparatus’so that it would beqfully tunotional at

. 'the"beginning'of the test sessionsz - | : Vb.': v"'~\g:

L A. Pilot Test

w . . - “

After fabrication was completed, theéapparatus was
- . . . o & \

'y
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assembled for pretesting The set-up was revigwed to check
. P R . ’ :
for completeness dnd convenience of operaticn. A graduate
. : ; T A . '
student in Industrial Engineering was asked to review the

'.~ofientati0nQbobklet; and théq €o use théfapparatus in an
:abbreviated test session. The results of this evaluation,

& - . : Yo .
generally confirmed the applicability of the orientation.

booklet”and apparatus design. Some suggestions were made
e X , 1 - :

for the pr*SQSS?On o;ientatigns_inciudipgi a) queafly
*'eﬁpléining,tﬁé Ope:atioﬁ 6f the appératus} ﬁnd b) stfessing'
i:JFhat sﬁbje?ts.weré'ﬂot tQEWOrk combetitiVe%y;' Teéhhidél'sug--

géstions includedi'Dl) wrifing dgscriptivé information on |

!

" the éhalkbpards to identify each film record, 2) incréasing f

the camera distance to cover ‘a’ larger work area, and 3) q51nq

/

“-a formal written log-to record subject questions and commentsf’u.

9
. .

during the test sessions. o S ‘ ) Ci !
- . E . . N N . L - N N "4

. RRY 5(. . B ' . 9 . 7\
'B. Transportation - . . - ’

o LY

The completed appara%us.wgs fraﬁspbrtéq-to Milwéﬁ?ee‘.
twqfdays.béfore the first test séssiéh’in a'station:Wagod 
whfch'readily accbmmodéted; {the‘thfée gha}kbdards and bases
(inﬂa.folded‘pogifidn); three tripods;jand.four,bOXes,cdnf
taiﬁing cameras, infofﬁatibn'banks (in stofagg biéﬁers) and

accessories. The experimenter -and one assistant easily logded

o and unloaded-these’materiaLs and installed them in the.tes%'

site.

C.jLSetFQQ

#'f>




S Peated on each of the test weekends.-; - R

e

. Ce [ '
‘. . . . .
: : .0,
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- » ST .
proceduresﬂdetailed in Appendix D—3 :'The major aspécts in-

clided: ~£f clearlnn and rearranglng the test om to accomf.

‘.

.modate the apparatus,-b)_ placing ‘the larger apparatusg items

in posrtlon" c), unpacklné.and distributing the materials in
. b3

@ !

the heavy mov1ng accompllshed ‘the prev1ous evenlng, and the'

final detalls completed before the pre session or1entat15n.

A

The 1nter1m use of the room réqulred th1s set-up to berre=- °

RUNNING, THE _EXPERIMENT . . = S

. \\ ) -, g ] - . : . .
The procedures for runnlhg the test - sess1ons were &Qd/.'

o - |

the most part‘open—ended,’allow1ng subjects to work out prob—

lems in thelr own way, With a. few formal aspects used to

malntaln experlmental control The overall tlmlng of the

experlmental.sess1on is glVen in Ergure 4-1.

“ - N . .~

A, Subject O@eratlons o

-1

At the ‘conclusicn of the pre sess1on or1entat1on, each
v 5/\ i - 1

subject took a_pos1tlon at one of. the test statlons and wroté
* . .

LT
. ‘

out 1dent1f1catlon 1nformatlon on the chalkboard When thlS

. £ .0
a - [

‘was completed, the cameras and tlmers were started to begln

@
s .

the recordlng process. Slnce'the tlmers operated at flxed

a

1ntervals,,no external tlme keeplng was requlred.

L)
r)

,

‘Once the cameras. were started, the subjects began work—

ing, usuallj looking through the ltems in the lnformatlon

'banks,‘starting‘with materials relateddto problem definitiong

66

‘the work areas. Th1s procedure lasted only a few hours, with *

. ,‘n [\

‘e
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Table 4-1 Times. Recprded for Experimental Sessions

)

. s oo T <. . ) 1 * / .
(flguresklndlcate time at which event,occurred in ‘each 5éssion)
. . : ' v . . & A

- t ¢ . .
EVENTS | =~ ] \TEST SESSIONS \
. Problem I Problem II. ' | Problem IIT
o ' | SAT |'SUN [ MON [JSAT | SUN | MON. | SAT | SUN - | MON

5 .7 |l10-st|1l5-st| 5-st [10-st|15-st | 5-st {10~st|15-5t | 5-st
;  |Start 8:00'| 8:00 [ 8:00| 8:00} 8:00| 8:00| 8:00 | 8:00 | 8:00| -,
- |Set-Up |- . |7 - B ' : ' SN S -
- |start |11:00| 9:45| 9:30| 9:00| 9:15| 9:10| 9:30 | 9:15 | 9:15
. |Orient. S . ’ ‘ o

Start 11:50 [11:15 (10:30| 9:30| 9:45 | 9:40 | 9:45{ 9:30 | 9: 30

Testing , ‘ : - } R

Lanch | 1:05[12:30 [12:30412:30[12:40 [12:40 [12:35 [12:00 [12:30 |

- [Restart| 1:50| 1:05 | 1245 1:15] 1:20 | 1:40| 1:35'[12:50 | 1:45
, . |Testing| - ~'| . o e ’

Winding | 4:00| 3:30{ 3:15| 4:00| -- | 5:25.] 2:50 | —= -] -- |

.Break : . ‘ _ o
|Restart | 4:15| 3:45| 3:45| 4:10 -= 5:35} 2:55 -= -
|Testing+ - , | o : ' ABERE | »
End .| 7:45) 7:00 | 8:00| 5:10| 5:20 | 6:15 | 3:25"| 4:30|.5:00
| Testing| - . ° - A A . . ) - -
End 8:45| 8:00 | 9:00| 6:10| 6:20 7:15 4?25' 5:30 | 6:00
Session ‘ ¢ : N N - .
- "End Testlng represents ‘time at Wthh last subject stopped

_worklng on the problem

"End Sesslon represents time at which all. cards were replaced
in banks, subjects were dismissed, and experlmenter completed °

,teardown i LT '
. N - " ‘ ’ ) .!‘ B ‘ &

Subjects were, free to work at their own pacé and pattermn,

wlthin'their interpre tation of. the desrgn strategy The only

b e AR

,ﬁormal requlrements, were that they should 1nd1cate the strate—
'JV qy step they were using at any tl\\y plac1ng an approprlate . v
. e 4 ’ E

indicatoxr card 'in the.display area; and tha€ on the frrst prob--
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]
V' »

lem they should descrlbe any layout contlguratlon us1ng ‘a stan— ’

dard Lopatlonal ccucdlnate system (ﬁk/attempt to standardlze

-

. . 2 s - ’ o ¢
data cod‘ng) o A oo . . ' -
\. - . ' ~ '
’ ® B ! 13
' Typlcal work patterns consisted of a cycllcal sequenCe «
. kil 2 ¢ R
'.of select\Qn, organlzatlon, and 1nterrelat10n of 1nformat10n TS
BN 5 i .
items; as information ‘was used for: 'deflnltlon, developmént, v
. . R - L -
. > . e .

and soiution specification. Ind1v1dual dlfferences Were pos—’

sible in term of the’ quantlty and type of 1nformatlon selected

) . >

dlfferent sequences and conflguratlons, and | d1f erentguse.of

verbal and graphlc notatlons (Flgure 4 2)

’ ‘ -
BEEEN . o
¢

‘Figure 4—lrgTypf%al'Information Displays

(‘ - r - . N . ‘., R ) v (d) . | . N
e . N N ‘ ] ~ ’ M -, B} .
(a) TTIIT T 11T r T TTT - - .
| ¥III : HESE i ?il i '. - 38 ﬂ; "‘(e)
“(b) Ti \oLI He - T T i A~ immmm 0] R
1111 I : i - 11
Ty g T 1 Q:‘ 1 - K 3 )
¥ e Ahs T AN
(3 (&) [ :4. -4} ’
C H o AEE e - : .
<) |H= T
<24 - : . ] ’
< 2% 2 o ]
¢ a0 11 i - ! +1 - ' £
(f) ‘ «(g). )
. e ¥ P —
N a REMN ' oo
A d ’ . t
- - . A ! rm / .
}(a)»Straiegy—Step (e)‘DlSpOSltlon (prl?rlty) L
f(b) I%em!Selection N (f) Verbal Notatlon’ T
. . (c) Item Srouping . y'(g) Graphic‘Notation : \ T
. @ Relabienship ; , L » o ii.‘ '
. (Series & General) : L T e e

A - R . . -
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-~ B.- EXperimenter Operations

D. End Session

. « , | y o 6 59

k4

. < .
. The experimenter's major role was as a monitor, super-

vising subjects and apparatus to guard against accidents or

3

difficulties. The expérimenter did not interact with the sub-

"~ jects during- the experiment, excéﬁt for a few brief, questions
¢

shown in Appendix E-1. The relatively complex camera set-up

was checked frequently (Appehdix D-3) to insure that the

record wds being made satisfactorily.

o [

C. Bréak Periods

s
kS

A luncheon break of approximately one hour waé scheduled,

"at which time the cameras and timers were stopped. Subjects

were cautioned to. avoid either looking ‘at each other's work
Or'disdus§ing'the experiment during break periods. Bokh this

period and a similar mid-afternoon break 'were used to rewind

the cameras. After each break;‘ail‘subjects reassumed their

positions and the cameras were restarted. Informal, restroom,

|

and stretch breaks, were permitted for individuals, but the

‘cameras remained in operation for these brief periods.

’

[ 4

The conclusion of work on the test problem was left to

théfdiscretion of' each individual Subject. Uéually the pat-

"~

.tern was: a) one subject would announce that his work was

completed,-b)='the_camera'and timer for this subject would

. . : . ¢
‘bé Stopped, c)° shortly thereafter the other subjects would

gggglude their.work (this could #ake as much as an hour), .

. 86




) - 60 ,

d) after a glven subﬁect had completed his” work, he would be

requested to return h&t cards to the information bank.
VA _ .

E. Subsequent:Sessions ' . C

-~

, . . v

1 . A similar procedure was fqilowed for all nine test sessions

"

over the three weekends, with some variagtens: a)  design acti-

vity started earlier on each sutcessive weekend,'b)(_the‘after-‘

3
!

noon re-winding breaks were omitted in shorter sessions, and
. . N : ’ . S
c) the coordinate ‘location system was abandoned in favor of

direct graphic layouts after the first sessions.

.

F. Debriefing Meeting
A meetiﬁg of the nine sﬁbjects was held shortly after the

. - :
last test session, in order to obtain retrospective observa-

.« .tions on the experiment. The'subjects were askeq a series of :

questlons Wthh are given w1th thelr responses in Appendlx E-2.

"’&k

The questlons ‘covered the follow1ng areas.
< . LR
A. General Impressions - F. Reaction to Informa-
o : . tion Grouping _
B. Representation of Real _ = b A
' Problem-Solving Processes G. Reaction to Informa- .
. : tion Bank
C. Ability to Follow .
Test Strategy ' : H. Different Ways to
: . . . do Experiment
'D. Diffeﬁgﬂce From - . ' :
Normal. Strategy . - . I. Reaction to
_ . o _ Apparatus and Method
E. Learnlng From o .
Experiment
prd

. DATA PROCESSING

AN

o Once the experiment was completeé,'the'film record geﬁer—

1 B - ’ M

’ . ! . o ’ G .. o e — D
. )P ‘. I . » R
e . - ' . - [ . .
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ated in each, test session was displayed using a “Single—frame"

l6mm projectog} Data was ret%iévedcby means of a framefby— .
K v - o

frame inspection of the film record. The resulting data was

used.to generate a, variety of "performance" measures, using

’ = r ) .
both machine and manual tabulation. .

- .

A. Data Coding T e e

A coding procédurglwas'used»to translate observétionsvof
. subject opgrgtions on the film iﬁfo.a fo;m conveﬁient for
'furthér pFocéssing and gvaluation{ -This.cbding procedure was
.developéd as a means of effeétively apd efficiently represent—" d.//'
‘ing the aata in é form suitable for keypuhéhing. \The_coding

, : L ‘ o o
methods and "conventions" are-described in Appendices F-1 and

F-2, essential feature include: °

-
-

1. Identificétion o R Group.Reiatiéhship_ L

2. Frame Number - 8..Rela£ionéﬁip Type’ :

3f Strategy Step. “ 9. Disposition Type

_4i.Informaﬁioq T'tems o © 10. Verbal Type

5. Information Status " .ll. Graphic Type i - - | ;‘

6. Information Grouping

e N, CL TN - N
Using the coding system it -was possible to review and

’

code theigilms relatively-easiiy, noting only‘changes occur-
riﬁg between.ffames. ‘The completed céding sheets were sub-
ﬁ.mittéd to the keypdnchiﬁg service. A total of 17. 743 cards
o were punched<aﬁd‘later transferred té magnetic tape.

y
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o .

A B. Computer Tabufation . g :

A cons1derable amount of . data was available in terms of:

" a) information use,,b) groupings, c) relationships, and
d) modifications;'recorded'by: 1) time, 2) sequence; and

3) strategy stép for each test session. For the purposeS~of

this report, within the. time and resource limltatibns, it yas'
» : L b
only feas1ble to use a’ ummarx of this data: tabulating total

L 4

scores fqr each measure over each entire test session. A pro-

¢ N
st
7’

gram was written to generate frequency councs-and related

. statistics for information item selection, reuse, and groupinds.

Details are shown in‘AppendiX G-1, major information;types are

v listed as follows:

1. Item Selection (class and subclass totals)

2. Item“Reuse (total reuse, total reuse/item)

3.+ Item Groupings (total groups formed)

4.,GroupinngunB (length of group sequences)
5. Total&Number of Cards (data) ) T

';°. ’ The program»was somewhat complicated due to {the ‘number of

. tabulatioh'listings and statistical functions, kut the data

could be;reaa.by the computer very %irectly'using the item code

:anaigroup numbers{ - ' _ : 31
é; Manualeabulation a‘ . 0

.

>

' I . U : S
Manual tabulation of additional data variables was em-
ploYed due- to, the relative expense of'program-writing. This

tabulation was based on a print out of the data cards in an

)

///// easily readable format (Appendix G 2) Using this method of




-

hand counting .the

1. Number

-
2.’Number

3. Number"

!

4. Number

5. ‘Number

‘was s1mpllf1ed by notlng only abso
rences rather than speclflc types weth

.addltlon, thesé variables were.by their np

of

of

of

of

r .

of

Althoughuthis'brocedure was.

‘Verbal ‘Notations

Graphic Notations

y

2
B

follow1ng measures were obtalned:

Frames/Sess1on !

Relationships'Formed

Disposition Occurrences

|

a

than. the information item data'tabulafed:by computer}

.. SOLUTION EVALUATION

‘A sebarate S\\Ys

-/

) 63

Re~consuming, the process
lency of occur-
ach category.. In

ure less numerdus

protedure was used tc generate measures of

solution effectiveness, based'on'the‘solutions.as'presented

in the film record, rather than the-item—by—item coding.’

~

This process used direct lnspectlon by the experlmenter and a

jury of expert evaluators to 1dent1fy and order solutlon dlf—

'ferences. ’

I

A."Solution Record

@l ~ s

Solutlon data occurred on the film record in. terms of:

) a) graphlc sketches made on the chalkboard, and 'b)

inf rmatlon 1temsQrelated to the solutlon'

w1th the draw1ngs

[Kc L

Tt Providsd by ERIC

specific

Thé graphic images
de llterally copled from the. fllm, us1ng a pr03ectlon and V

'ac1ng technlque, 1nclud1ng notes and speC1f1catlons wrltten

Related solutlon 1nformatlon 1temsﬁye£e,

usually 1nd1cated by thelr placement or context and thelr code

0

~ 73 ' o : ““
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numbers were recorded in the grouplngs shown by the subjects,

4
~

for later decodlng\ln wrltten form S

.

B. Solution Format

»

The, soiution_data was'feorganized for'presentation to
'the'evaluators and for‘generalrreference (Appendix;H;3, H4): '
a) the subject's drawings were re~drafted using ‘a standard

format ito -fit an 8% x 11" Sheet, b) .a'perspective Vieijas.

~generated by the experlmenter from the subject s draw;ngs,

c) the square footages of the prOposed de51gns were estlmatedL

and d) a solutlon spec1f1cat10n sheet was generated, listing

the solution elements selected by'subjects, screened for dupli-

+ -

" cates, and arranged with informative "element tYpe"'headings.

C.  Solution Evaluators L SR o

‘A panel of design professionals was used to review the -

solutions in order to establish meaningful, expert.c0mpafisons,w

‘Ind1V1duals were selected on the basxs of the1r profe5510nal
standlng to 1nc1ude a varlety of orlentatlons toward problems
of this type, 1nclud1ng. |

. l.:'Campus arcnltect, UW-Madison, member AIA. f‘

2. Partner, local architectural flrm, with prior experl—'
ence in the design of classroom bulldlngs.

© 3. Professor,»Department of EnVlronmental Design, with~®
~ experlence in educatlonal fac111t1es de51gn, AIA. &
These . 1nle1duals were approached by- the experlmenter

v
S

_who explained the nature of the evaluation task and secured

the cooperatlon 6f each person on the basis o‘ their lntnrest,

~~“-~—~ﬁ~~»~w“_;,_;h,u_,,ﬁ_‘_u . , . | P . . ‘ B Jt g ) .
L - o 7[1 - : . | 'z, - '.”TT' IRt
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withsa small,honorariuﬂ’for thé éffort_iﬁvolyed_..EQaluathS ‘ :
S .Wére'giV?n fﬁree»weeks to complete;their_jUdgmeﬁts{ ' S .\
_ D..~Evaluation C;iteria, V ' o .

Lo (\ o e _“
Evaluatlon crlterla were generated by the experlmenter

to ass1st the profess1onal evaluators in making" thelr judg-
ments, based &n' cons1deratlons commonly applled to des1gn

|
solutlons, formulated in terms of the materlals avallable

for evaluation (AppenQ&x H-1). Spe01f1c crlterla t1tles were:

l Comprehenslve : . 4. Aesthetlc' ,
2.‘Effective j 5. Innovatlve__ o
>3.'Efficlentb . :_ b.. :’6.’Complete y |
E. Evalqation Paokage ' oo : . '.;; -
o Materials were assembled ahd packaged in a louseleaf
bihder for.use by the evaluators, prov1d1ng'explanatory S
A informationsin a form which would be cOnvenlentkto handle~" -
'and.review. Maior fypes of 1nformatlon 1ncludeg -
l}'Descrlptlon of the ExXperimental Task L, w",,‘ . S
2..General Imstruotioﬁs for Evaluatloﬂ.l o v o
' 3.,Descrlption,of the Criteria < .
4. Listing of.General'Requirements'
5. Listing of SpelelC Problem Statements and Reqhire— l.,

ments _ . o A

‘6. Nine. Solution Drawings for Each Problem . ¢

7. Nine SP?Cifioation'Sheets for Each Problem

' B. Ranking and Rating Sheets for Each Problem
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' The general and spec1f1c requlrement statements (Ap— R

pendlx H=2) wele develOped dlrectly from the 1nformatlon banks

so that evaluators would have avallable-to them the same in-

. formation giVen to sdbjects., The solution draw1ngs and spec1—

'flcatlon sheets were presented front and back in- a plastlc
sleeve SO that they could be used together, and could be -

removed from the blnder to fac1lltate dec1s1on-mak1ng. The .

evaluators ‘were not 1nformed of the use of dlfferent stra~,
e

tegles and the order of presentlng the nine solutlons for each

problem was randomlzed to ellmlnate strategy grouplngs and ‘
order effects.f Subject solhtlons were 1dent1f1ed only by

.a code letter representlng order of presentat;on. The evalu-
ation forms prOV1ded for a two step judgment, ranklng the solu-
tions-to each problem, u51ng pre—prlnted boxes, then ratlng

the solutlons to show relatlve dlfferences us1ng the code.
letters wrltten along a cbntln ous llne to indicate compari—-
sons with "best" and."worst" Qpectedvsolutions.n The results f
of thls evaluatlon areolndlcated in the follow1ng sectlon- '/

w1th the other experimental measures

F. Solutlon Characterlstlcs,'

A separate manual procedure was used to generate solu-

3 [

tlon characterlstlc measures, as an effort to relnforce the
evaluatlons. These measures were tabulated from. an 1nspec—
tlon of the solutlon draw1ngs and spec1f1catlon sheets.

Details of the development are described.in_Appendix I-1,




_characterlstlc Eypes 1ncluded S : ' : -

;.l._Number of Elements Listed in Spec1f1cat10n Shepts.'

é, Number of Details Provided in Solutlon Drawings

. L o | L R
3. Estimated Square Footage : Yy
. . . . S '
4. Number of Room Divisions
L ) . . . 4
5. Number of Functional Room Areas .
S | -~
. . [ o . . i o
6. Number of Changes in Floor Level
e e - 3
.: . . Q’
va
N
. .
vg"o
.
4 I
\ %
} e
—— .‘."
[ )
- \




_CHAPTER V - INTERPRETATION: Results and Implications

$

Introductlon.

The experimentak}result were qulte extenslve w1th a
large number of 1nd1v1dual medsures of° subject performance

~and solutlon quallty generated from the experlmental data. .-_}
However, the usefulness‘ogrthe~results ln determlnlng the .
effects\of des1gn strategles was llmlted\by the- great vari- |
-atlon in subject ‘responses within strategy groups %?d the | |
BT lack of dlStlnGt strateé; dlrferences on|major measures such
\ . as overall information useage, total tlme requlredofor problem—

[

solv1ng, and overall solutlon qdallty. DeSprte-thls, there-

O

e, .- ‘were a cons1derable number of suggestlve dlfferences in the

g

) ‘ response of strategy groups on spec1f1c measures whlch could

be dlscussed in terms of dlfferent strategy characterlstﬁcs.

1

.Based én these suggestlve differences and the overall conf1g~

- uration of the results, modlfled by subject f/edback in the.f~
debriefing session;_it‘is.possible to develop some tentative
implications for future research in design:methods and for

environmental design methods in general.

EXPERIMENTAL RESULTS . _ e R

. _ ] _ ‘ . .
- The‘major emphasis:of this experiment was on the develQp—g

ment of performapce measures descrlblng the subjects' use of

~

1nformatlon whlle solv1ng the test problems. Consequently,

— . *

thée major part of the results covers measures related to the

overall patterns of information use, and the frequency“of

;selectlon and reuse of 1nformatlon w1th1n spec1f1c 1nforma—

. \ ‘ ‘ | 4 A : o . : (-\ .
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tipﬁ type Categorie;. A much-emelier’number of measures were
-generaﬁed’fromftﬂe inspectionvand evaluation of the olutions
develloped by the subjééﬁs.. All 6f.the measures are7 eseribed,_~
}n aetail in ehe appendi#_and‘sﬁmmafized in'the bédy ef‘the
report. ‘An edditional’tyée of-result,'the»response. éiven b?

: ~ ] . .
subjects in the debriefing' session are listed in ApFendix E-2.

, \
| i

.- . X
- a4 ./ . [
e

A. . Presentation of Results
C | : . ! o) ‘n;lq.. e 7SN .

seventy-one separate meésureS'were

In tHe final results, !
. . .

generafed for use in this repofﬁr The distributign of these

‘measures, by category, is shown in Table 5-1.- In readihg

this table it should be observed‘that category # summarizes

-~

use'chafadteristics.d?e: all types of informgtio , whiie

- ,categories #2 - #5 represént use scores for different types
of‘information. The spe ifichmeasures withinxe ch category

are described in Appe

- . .

Table 5-1 Distribution of Measures . /'

(figures represent number of measures,estébliéhed
in ‘each category) -

ix I-1,.and individual subject scores
/ . ) R,

13

TYPE pf MEASURE .f # og'
3 ~ MEAS.
1. General Peifdrmance o | ‘/_ : 15 ..\>
v 2. Definition Information - o /'., 10°
3. Development informatien “| ' / o _iO
) 4. Sblution Description Information v/ _ 10
'5.'SolﬁtiQn.Element-Information [ - 10
6. Solution Cherac£eri5tics-e ". ; 7 | &
7. Solution Evaluatiqn ‘ - ! . 9
ALL | |7 o

N
N
-
!
f
|
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for each test session are presented in Appeéndix I—2} following;

the average scores for each.Strategy group over all three prob—.

lems are presented in Table 5-2. This table lists all of the

-

|
\
\
!
the format described in Figure 5-1. For reference purposes ’ i
|

" measures with the exception of the overall solution ranking

and rating‘scores whioh are. averaged in‘theﬂfinal entryhon._u

-the table. iThe measures in the table aré identiffed.by

abbreviated desCriptivehtitle; and specific.important measures
L

are further 1dent1f1ed in- the discussion of spec1flc measures.

It should also be noted that the scores for each measure

represent frequency-counts for the 1nd1cated dependent vari-
_ : o , :

able, eXcept for the solution evaluation scores in category

#7 which represent the. average of the evaluators! rankings

and ratings, in which "1" was ‘the best possible score.

B. Analysis of Variance
. An analysis of variance was applied to each of'the"~ o

meaSuresdln order to determlne a statlstlcal measure of

- B t H :

s1gn1f1cance for dlfferent _experimental Varlables. This

7/

analysis was used despite the acknowledged high variability

in'individual subject soores and the lack of statistical~

power in analy21ng responses from a small group qf subjects.
* The usefulness of the test ‘was cons1dered to be its ablllty

to hlghllght special effects within the mass of'data as a

‘basis for further discussion. ;Thevanlysis was based,on : B
 the model shown in Figure 5~1. Using thiiémodel, levels of

B T = ) .
significance could be computed for the effects of: the test

I

80




Table 5-2 - Average Strategy Scores ~

(flgures represent average strategy scorg, usually "frequency
- on a glveq measure, averaging three subjects over three prab-

~

lems: w1th1n a stlategy group, see Sl on. Flgure 5 l)

Q, .

* 1nd1cates a
.more 1nd1v1dual problems,

-t

i

TYFE MEASURE-' STRATEGY ,mﬁPE: MEASUQE STRATEGY-| .~
. 10 45 . .2 10 451 ..
. > : - > ) T %7 g
I o I IP— 302R56199 ' Q.ﬂ 1 Prob-| 10|‘6| 8
1.1 lens” Select. : 2.1 em Descrip] §
Gen- . — . Def- | e e
eral [1.1.2# Card| 634763580 " fini= .’ [.172 Proe—|. 15| “3| 2
. ger—~ Generated’ 1. [+ | - [flon/ [ess Descrip| T e’
fror- . T Sz acke Info- - X -
4.4-;# Fra-| 833688762 . [0 2.1, 5 Over— 23| 15| 16
"~4;2 Y Pe2u7 # T65 T90n15 99 fsel- 2.1.4-Gen4_ " 15| 4] 10
M- jems Reused ".fﬂN fect-  feral Req. | . |- -
jor 1.2.2 # Re-[ 1392151170 P2 “htn . -] 63 35| 34|
Per- = juse Occur.-| - .k o~ R "
ffor- "7, T3] r , 1. -
mgzce 1.2.3 #.Gr—:448ﬂ4ﬂ\97 5.1 ° 3.,1.1 Act;}’ 25191 9. .
loups Formegh - \ Pev— - kon Types .| T} | *
. i I : * 5 ¥ =1 .1
CReoan # Ru—@ 2d 26 jelops 13.1.2 Des- | %6 26f 21
__Ins Formed ' “ment - lign Consid. 3
5 [1e3:1 # Re et 75| [ERIO= 5 4.5 Res | 25| zuf o
(PR et Tl v O Tl 0 K e
pdary 11.3.2 # Di-| 210 86 . [Sel-  13.1.4 Gen- | 13| 19| 14
Per- |spositions T { <« ject- |leral Info. 1
) 1.%.% # Ve-| - 4 8§ 11 L-on (ATL 991 98] 72
ance rbal Notat. | | ° W | 22|99 7
W, . | . — ‘ , -
o . 5/’4 #Gr=| 4 W g b A .1.1 Ele- | 48|17 6
2 aphic Noy : ! ol un - ment Class | ‘
y 141 # Se-| 6865 43 fion  fr.1.2 Solu-| 32| 20| 36
o4 . . e
Comp- lect. Group . (. Pesc- [tion Concpt| | |
arat- [.4.3 % Ré-| 49 79 52 TFIP%= b 4 3 Gra- | 4] 6 5
ive use Groups - . I %2?_ phic Elem.| . =
fgi:; K ’\;.4’.5 Aver.} . 4’ R B S I ect-,-‘ '4.1\.4' Elé— 6 9 o
mande% Sel. GP;‘SZ» - 3 ion © ment Specs | s
. 1 4.4 Aver. 34 3 3 ATL - " 59| 52 49
Reu. Gp. Sz, -] o ' 3
‘Underlines ind' gree of signifiCance, l =-.10;‘ o
2 = .85, '3 = .pd s T

1gher level of s1gn1f1cance, on qne or
than shown by underline.
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Table 5- 2 contlnued ) “ i B 72
TYHE :MEASURE STRATLGY ‘TYPE- | :MEASURE | STRATEGY
y 15108 oL b T Tl 510 15
s [pad.1 Mat= | 231130 g . p 5 [5.2.1 Mat- | 6 5| 2
Solu- |Exials ' ' 'Sélu— erlalS' » ‘Ll
tion - §§4~2 Fur- | 21141 .8 . fion [S. 2.2 Fur-' 9 19|¢ 7
o fEle-* mitbre ~ . 1| | - Ele— niture .
nent  5.1.3 Bqu- | 16[17| 8§ %gﬁt 5.2.3 Equ- | 12013| 5
eot- ) ok ment . - : Laed ipment N
’ n T ) e - - % e
¢ iUn¢ 50.,]..4 An-c- ,]4 '\5 {lO ’ 5.2,1“" A.nC"" ’ ,],] 8 6
=~ [illary .illarxf - _

R AL el 57| 34[ lannL . .- | 38l 4820
. » IR ) X '.f’ . i ,. - -
L L o Rle. Prob-» sl kg eetea a1l fazsnoe| ezl

CL . *ﬁgﬁk lem Descr:p' - - Solu- Sol, Items :
‘ o hni- . 2,2.2”Progﬁ « 51 01 4 ion 6.1.2 # So-| 35 36|28
tion. less Degerip Scope - |[lution Specf | -
<Y R s - v P ! N . - .
iﬁgi’i 2.2.3 Over-| 7| 8[19 . |, 6:1.3 # Dr-| 4| 16{ 13|
s all Red. ° . : awing Det. |- . . d
tion , , . =
Re-, * [2.2.4 Gene | O 2l 3 |, - e # Sa-| 14| 27|13
. B * - o . ) 6.2 - .
,jused + leral ‘Req. . eoTu= - are Feet” . p
S IO —1, . potu- ——— ¥
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strategies acting over the three problems; the interaétiohs
"bgtween sﬁrategies and test problems; the individual test
problems themselves; dndvthe va}iability'of the subjeéts
within strategy groups;. It should be noted that since.the

'test problems were presented to all subjects in the same or-

.

der, the effects ascribed to problems may also represent
sequence effects. As an . additional test, the data for indi-
v vidual test problems was used to determine levels of signi-

ficance for the effects of strategies on individual problems.

However, it was assumed that these results would be less:

o

important due to the smaller amount of data involved.

° i)

Figure 5-1 'Matrix. for Analysis of Variance

(indicating data configufaﬁion for. 27 data records)

v

. SUBJECTS
S1 ~ . 82, K
X11 | x12 [x13 X21 [X22 [Xx23 X31 [X32 {X33
P1| x111|x112|x113[811|x211|x212[x213}521] x311|x312[x313]531|P1]
P2 | X121 x122|x123| 512 X221{X222|X223|522}X321|X322|x323|532| P2
| P3| X131|x132|Xx133|513| X231 X232{X233|{523|x331[x332{x333(533|P3
"] %11 |X12 |X13_ |51 |X21 |[X22 |X23 |S2 [X31 [X32 [X33 |53 [X

MODEL: Xijk = X + Si + (SP)ij + Pj + Uk(1) + (UP)kj (i)
Xijk = individual score on a given measufe
. X = overall average '
1V~Si = test strategy (S1 = lO—sﬁep; S2 = }5-step; S3 5~3tep)’

Pj = test probleh.(Pl = Office; P2 = Snack Bar; P3 = Conf. Rm.)

i

3

(SP)ij = strategy-problem interaction- , . . L
Uk (i) = subjects within strategies
(UP)kj (i) =.Error o '

Xik = individual subject uysing a‘given.strategy




= average sggrz“for each strategy over all problems

a

1
ij = average score .for each strategy on a single problem

|

j = average store for each problem over all strategies

v
)

C. Significance of Results

The outcome of the analySis of variance is summarized
in Table 5- 3, and the respective levels. of Significance are.
indicated on Table 5-2 and on the individual ‘results tables'

in Appendix I-2. The most important obéervatiQn_is that

-

even including significance,at the .lO'level,'the overall

strategy effect was demonstrated on only 8 out of 71 measures.

B

Tableé 5-3 Distribution of Significance X
: (fiqures indicate number of measures which display a given
e level of Significant difference for each variable)

-~

SIGNIFICANCE , -~ , EXPERIMENTAL'VARIABLES . ‘
' StrategyStrategyStrategyfll ‘* ProblemfSubjects
! Overall )/ProblemxProblemStrategy W/In St.

7

o1 2 |2, g .| 12 13 | 30

)

05 |- 4 6 10 | 20 | 7 | 16

0 | 2 |, 8 |. 6 | 16 |12 | &

a

EST (12) (0 | (0| (.| (o) (0)

. ALL | 20 16 | 24 41%* 32 |50

NOTE: "EST": represents measures which displayed'consistent
strategy overall differences based on inspection of the
data, but below statistical swgnificance

*indicates total 1umber of measures which displayed strategy
‘differences, adjusted for overlapping variables

P
L3 &
-

This result is statistically~within“the area of'a random dis-— -

tribution of efifects. Additjonal strategy effects were .

&

shown for indi. dual problems, hut again the numbex is small




&

~as compared with the tota; measures. The effects of strateqgy

hrd

‘fest session by the lO—step’strategy group, attributed to sub-
. ject misunderstanding of the experimental task. The strate—

gles therefore did not appear to demonstrate effects on the

measures‘of overall information use, amount of tlme or effort

L'y

interaction with problems were somewhat more numerous, sug-

gesting the possibilit‘?of some difference between strategy

groﬁpsl However, these interaction effects are difficult to
define and still affect only a minorit§ of the measures.
This overall low level Of'signigicance is modified slightly

by a grouping of the different types of strategy significance

with measures where some effects were -estimated but not
. - .

statistically significant. This qrouplng includes over half

the measures but at best can only serve as an 1ndlcator @f
possible s1gn1f1cance confounded by other experlmental
varlables. In partlcular, “the effects of individual problems.

and variability of subjects within the strategy groups appear

to have had as much 1f not greater influence.

The»lapk of significant strategy effects is further
emphasized by referring'to Table 5-2 and noting the iack of
significant differences for most ‘of the overall performance
measﬁres in category-#l, ahd the absence of significance'for

solution measures in categoriés #6 .and #7.. Even in measure

1.1.3 4 Frames Required (by definition, tw1ce the nunber of '

minutes required for problem-solving), the apparent signifi-

cant difference in time was based on a highly abhreviated third
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requiréd for solution, nor were the solutions produced by

tpg different strategies significantly different. The ini=-
. o

tial, basic conclusion is that the experiment was not suc-
cessful in demonstrating comparative differences between

strategies.

-

EXAMINATION or MEASURES
Each of thé measures was examinedgby inépection, af§ér
éhe initial ana;ysis of variance, £6 détermine if any sug-
: “ . S

jges;ive'differénées were‘presént that might ¢6ntribute‘to o,
a better underStanding ofy. the results. ’Thefexamiha£10n con- .
centrated on measures where‘soﬁe level of significahcepwaé
present, but also inclu@gd measufes where consistent dif-
ferehces could be observed bj'ignoring the scores éf at most.

' one subjecF in each strategy'grdup, This- latter approach

represented even lower levels of significance, but did make

-

some-alléwance for the high vériability,in‘subjects. In ~con-

.ducting the examination, the émphasis was on interpfeting

apparent diffefénces in térms of the meaningiof ﬁhe'ﬁeasures

and their inﬁeraction‘with-thé'experimenfgl variables. This

was largely based on the_experimentét'é experience in’aeve;op-

ing the experimental materials ahd'a'generai baékground in

'ehvironmental design;“ Th§ purpose of the ex;minatioﬁjwas not

to fgrce conclusions in the absence'Qf“meaningfulAsié%ificancg,'
. .

but rather was included to~demonstrate'some Qf'the”Capabili—s’

ties of the éxperimental method ‘and ralse some questions for -

further experimentation. - : - e

o . . .
) ' 8 ) ’ : o
- - (, -
. . * :
.
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A. Problem Results

The effects-of the test problems on different.measures .
'were important because of the attempt to control the selec-
tion of problems in order to minimize problem effects, and‘
‘because problem effects operated across strategy groups

e

orOViding a bas1s for comparing SpelelC strategy differ—'

. i
¢

ences. The differences 1in average problem scores are shown

in the 1ndiv1dual measure tables in Appendix I- 2,~but the

- summary of types of effects for cifferent numbers of~measures:
is provided in Table 5—4.. This table indicates proble pef—_

. fects 'in various different conflguratlons. The most.preVa-
'lent configuration was a descrease 1n the scores between

"preblems. This decreasing effect does not appear/to be due.

-to the problems themselves, since there is no olvious tie-

in with problem characteristics, but rather'appears to indi-

cate a sequence effect over the three test seSsions. The

assumption is that the subjects became more selective in their

1

utilization of ?nformation and'related aCthltleS'due to ‘an
increased familiarityiwith the experimental task. However,
thisamay also represent a~lower level of motivationywithﬁ;‘
repet}tions'of,a similar task. Specific measures demon-

strating this effect andppossibledinterpretations;are glven

- "

B below}, R - e L

1.1.2 # Cards Generated - Shows“a'steady drop between each,of

.the three test 'essions (p=.Ol), perhaps due to greater ef-

.
°

ficiency in 1nformation handling.. bf g




"
2
o

Table 5-4 Distribution of Interaction Effects
o Y -

. "

(figures indicate number of measures on which a given variable
displayed an effect with a given configuration) -

>

 CONFIGURATION - VARIABLES |
~Type |Session |Problem | Strategy Perform. | Strategy Solution
- ' 5 10 15 5 10 | 15
, All 7 6* 0 1% 0 0 . 3%
‘ Steady | o : : : AR
I-III II 4* - 2 -3 13* 0 .0 0
| Down ‘ . . :
SAWEK\JJII L 3 5 5 0 | o 0
.. . . . _Jv.
ALL 19%* 11% 8 | 19* 0 0, 3%
RS T le* 3% [TTox | o | 4% -0 - o -
“Down : : :
' - . * * * )
pECREASSII~TII 8 2% ' 6 2 0 0 0
e Down -, . :
. ING I-II-III 9+ 1% | g* 0. D% 0 0
Down N R .
ALL’ '33%. | 6* | 24% | 2% 6* | o | 07
- I-II 2k 0 g 0 | 1% 0 3% |0
T |op’ a | B -
: - ~ . *
4INCREAS~II ITI 0 0 0 0 0 0 2
Up ‘ ) o
ING I-1I-III| 1% 0 0 0 0 2% | 0
Up IE : L . : .
ALL ECLE 0o 0 - 1% 0 5% 2%
" NOTE: Interaction effectd occur .when a giwen variable influ- '
enkes the data in definite direction over the three
test sessions (I, II, III); for strategies the inter-
action represénts a direction taken by one strategy,
° " while the other two sStrategies move iIn ‘a different
oo , _ dlrectlon : .
L * indicates that a majorlty of the measure alsplayed a 51gn1-
ficant interaction effect at least p=.10
For Strategy Solutlon, a decrea51ng dlreﬂtlon 1ndlcates that ,
the solutlons are improving . _ A o
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. lfl.3'# Frames Reguired - indicates 4 major drop between:the
second and third sessions'(p=.lO), suggesting -that although

the level of information processing decreased from sessionI

] . X '

to II, the discrimination'required-additional time.

ihe lnleldual measure groups reinforce the decreas1ng pat—

tern Wlth 3, l 5 All Development Information Selected and 4.1.5

All Solution Description Information Selected show1ng a steaoy
|
'»decline over three problems (both, p=.10). 1In addition the !

'drop in Frames is paralled by 3.2, 5 All Development Information

. J

' Reused (p=.15). ,

. There was also a noticeably different response given on
problem 'II, - appaiertly due to subject interpretation of the
Snack Bar as a larger scale problzp than the~other two;v The

effect is.first noticed on 2.2.3 AVErall‘Requirement-Informaf

_tion Reused,. which increased in frequency in comparison to

problems I and iI, although not significantly, suggesting‘
that more effort was required to define the more complex_
problem ThlS effect is reinforced by. a similar pattern fo

-4. 1. 2 Solution Concept Information Selected, apparently indi

' 4 - .
. cating a corresponding increase in solution complexity. The '\
) . . 2 - :

assumption;is also supported by a decrease in 5.1.2 Furniture

Elements Selected and 5.1.3 Equipment Elements Selected (pé.bl,

.10), wh;ch might be expected where these elements were less
.important at the larger.scale. The scale assumption is

literally confirmed by the'relatively‘higher levels-shown in

. 76.1.3 # Drawing Details; 6.2.1 # Square Feet,. 6.2.2 # Room

89
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o . _ : , . |
-, Divisions, 6.2.3 # Functional Areas (p=.05, .10, .10, .OS)T

B. Performance Results

-

The effects of strategies on problem-solving performa
~ while lacking strong significance, did display a number ogncel

. differences which could be related to the characteri ics of
' the specific strategies. _The effects for strategies over*\:>-

. *
all problems are indicated in the average scores shown on

. Table.5—2;i.Strategy-problem interactions are based on

strategy. averages for each problem'shown in Appendix I-2,
S AR ; - | - |
and key relationships are represented in Figure 5-2 and in'

Appendix I—3 'The range of strateqy problem interaction con- . B
\

figurations is shown on Table 5- 4. Important measures re-

lated to overall performance,-problem—solVing 1nformation,'
and solution element infofmation are described below with

possible interpretations:

1. Overall Performance Measures (Category #1) ;
These ‘indicate a number of . strategy differences affecting
s : oyerall performance, demonstrating different_baSic strategy.

~approaches. o < .

"l l 2 # Cards Generated - The lO step strategy tended to

generate more data cards than the other strategies on all
. three pfoblems, althoughiﬂhg effect waS\only'signlflcant on
problem I (p— 10) . This represents a high level of activity

on all measures. Similar effects appeared on l 3.2 # Dispos1—..
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tions, (p¥ 05), reflectlng a large amount of- act1v1ty w1th

~individual item cards; and 1. 2 3 # Groups Formed (I, p=. lO)y

1nd1cat1ng a-large selectlon and reuse of items (see 1.4. 3
1.4.4). The- 1mpress1on is that the .10- step strategy tends to

encourage greater concern,w1th detail in handling lnformatlon.

The effect of the l0-step strategy is also apparent in

the'problem interactioh on this measure} with the 10-step

s

”show1ng a dramatlc decrease in the number of cards used, as
much as 300 cards between each session, whlle the other stra—'
tegies remained Steady (p=.05). This pattern is repeated on

# DlSpOSltlonS, % Groups Formed, and 1.2.4 § Runs Formed

(p- 05, .lO, .lO)} The pattern is partlcularly ev1dent for-

’)

13 1.5 All Devel;pment -Information Selected (p" 01). bThe

suggestlon is that some initial confus1on resulced in very

~high act1v1ty on the flrst problem, with a second re—evalu?;

ation taken after the second problem.

’

The_l5-step strategy demonstrates an-alterhative‘inter-;

action effect on:this'measure,)wlth arslight'but'noticeable-’
“drop in. activity betWeen.problems I‘and‘II and then a rise

back up again'on problem IIT.. This pattern,generally occurs

bon varlous measures in parallel w1th the 10~ step steady de-

: crease, partlcularly on DlSpOSltlonS, Groups, and Runs. .

Examples of the pattern on spec1f1c measures 1nclude: 3,l.2[ !

Design Consideration.Information Selectic: (p=.01); 3.2.4
.General Information Reused; and 3.2.5 All DeVelopment,Infor-

P

- mation Reused”(p=.05), »In:comparison'withlthe "Problem

_igesultsii;these suggeSt that the low number of data cards for

T 3 - ' .

S
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a sehsitl&?ty to

’f
the 15-step on'problem II may be due to

scale with a simpler development. use for the larger scale . LI
problem. ' f' ’ . o
. . )

v i 5

{ ‘
1.1.1 # Informatlon Items Selected‘— The drop in overall

act1V1ty for the .10~ step strategy is repeated on th1s.measure.

e

between problems I and IT, w1th the other strateg1es steady
(p 1) . Th1s relnforces the assumpjlon that the 10- step
group made an essentlally random selectlon of 1nformatlon on -

| 3
the flrst problem, which was. corrected on problem II.. A O T

similar pattern occurrs on 1.4.1 # Se‘ectlon Gro;ps Formed
’ 7

™
(p=.05), and the area of impact-is i d1cated by the non- : -]

S1gn1f1cant but d1st1nct repetltlon f~the pattern on 2.1.5
1’

ﬂ
’

.All Definition Informatlon,Selectedf and;3‘l.5;All Development - -
. . { — .

) 'Informatioh Selected. . »

\ 1.,1.3 # Frames Generated - The 5- sﬁep strategy requlred notl—

ceably more time to complete the des1gn task, p rtlcularly

]

‘as compared w1th the 10-step stra&egy (p=. Ol) In comparlson
to 1.1.2, . this suggests thJQ?the 5-step strategyri s less
efficient, requlrlng more.tlme to jaccomplish less info

processing.

The 1nteractlon éffect on th s measuré shows that the
- 15-5 tep strategy rema1ned relati ely steady over all three ,

. problems, while the.5 and 10-ste strategles showed almajor
°'decreaseﬁin'frames‘betweén IT and III (p=.01) . Since the

:
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. frames for the lS—step were'initially low, it is possible

that the other strategies were deyeloping more efficient

. | . . . . * ° . : . . :
procedures over the three sessions.

_ \ - . S :

A This assumption is reinforced in part by 1.3.4 # Graphic

Notations, where the 15-step was noticeably high on problemfI
‘(p=.05), despite experimenter attempts to limit graphics in -
favor of a Pcoordinate"'system The suggesti0n is that the |

15- step group completed highly developed solutions on I, whicp

s required graphic expresSion. "In addition, l 3. 3 # Verbal

Notations;showed a relatiVelyuhigh level for'the lS—step on -
problem III (p=.10), raising the possibility that the S,and

' ld—step groups oversimplified their‘procedures by the'third:
problem, while the 15-step was stf\l operating at high levels f

of compleXity ' ; “ S : ,';:. ~

v -~
. -

2. Problem-Solving Information (Categories # 2-4)
These measures indicate different résponses toﬂinforma—.
tion types or categories, including both‘selection and reuse . *-
\ _ ‘

of information in each session. Specific information differ-

f ences suggest clues to basic strategy philosophy and approach.

. . * “ .
strategy.was low overall on this measure, particularly for

"problem III (p=,10) . This type of information'whs used to
. iy ! -

- . . ) . . ']

.y define the problem in general terms‘before beginning the
.- : detailed definition, and the low utiliiation suggests'a less
structured approach to'problem definition.- The effect is

reinforced by 2. l 3 Overall Requirement Information Selected,

2.1-1 Problem Descriptor Information Selected~- The lU—step
|
|
|
|




e S

85

-which was very little used by the 10-step groub on problem
III'(p=.lO),.apparently reflectingran oversimplified défini;

P tion on this problem. 1In contrast, the IS*step group was

‘noticeably high pverall on 2.2.1 Problem Descriptor Informa—.

tion Reuse, particularly as- compared w1th the number of these_

.items selected, suggesting a greater concern.w1th formulating
‘the initial definition. )
2.1.2 Process Descriptor Information Selected = The'S—step»' :

‘.Strategy was very~high on this measure, with the,other'stra_ \ﬁ\\\\\ii.

[

tegies show1ng neg]iglble scores (p=.05). This information“

- - type was unique, listing alternative des1gn "technlques or_

‘ - - ' o G

””heuristlcs rather than problem information, and “the assump-

‘tion is that the .5-step group was uncomfortable Qltw their

a'open—ended strategg_and used;thrs.information to.furthgrt

;;f_ .clarifyztheir»design‘activities. A oo "'f‘ '. fo e
: : . . o ,

) . 8 LI .- . e

- A parallel effect‘showednthe S-Q%ep'grouQﬁhithba'signi4'

. ficantly high score. on 2.I 5 all Definition Jnformation Se-
- -~

\ lected (p— Ol), suggestrng that in general the . strategy used

toa. more diffuse search process in attempting to define the prob—;-
) T TR , >
~lem. - ThlS is supported by the’ high levedl shown on 2.1. 4

General.Requirement Information Selected (III, p=.05),. an

~information type which was considered to be marginally rele- . L
vant, and was included in the information -bank primarilyfor -

: . ’ — ) : . ' I N

the sake of completeness. - o .- ‘

"




86 o

3;lfl\Action Type Information Selected - Both 5 and lQ:step'

strategles were high overall on this measure) wikth the 5- - 7

- “

- step particularly high (p=.05). This effect is important
‘ e : ‘ _ R el

.
& .,
. \ . ]
o L

centratlon on an’ act1v1ty by act1v1ty\analys1s seems to, be
van 1neff1c1ent,'mechan1cal approach in a limited, problem—solv—

L. .

-ing sess10n.} It should“be noted that thewlO-step ‘group’ tended
i to be very hlgh .on Reuse (3‘2 l) of thls lnformation, 1nd1f
sfgv catlng that the 1tems recexved more than: asual'attention. s 0 F

- * .

: . C e
m&lar effect lS evrdent qn 4.1.1 Ele ent Class Informa-.
‘f%A . + ¥ B

‘(“-v

tionﬁéé}ected, Wlth both’ strategles rela jvely high'on this

ﬁl

sure (pr lD), whlch includes eonceptual stitements descrlblng

[}

3 . var1ety ~of solutlon approaches and’ dlmenslons. Thls-lnforma—

* .9"
*
¢

tlon allowed subjects to sketch out solutlons 1n general terms

before beglnnlng detalled development, and the low utlllzatlon

™ v

confirms the more pedestrlan approach .Although the,5—step L7
e o ; o e .

strateqy was hlgh on thrs measure, 4.2.2 Solution Cdncept

Iﬂformatron Reused 'shows a much hlgher level of appllcatlon

- v

for the 15- step Qroup In parthular, a, SLgnlficantly hlgh s

score for Reuse on problem I (p— 10) suggested that the 15—

&‘»Q
. ) . \
C : : » .
o os ' ¢ 9() L | S
. R , : M
. . i . . ¢
. . .

since this information type simply lists a?ternative“activites4”¥

\,//D which mlght take place 1n the, problem enVLronment, and con~ .,

. -~ ) . : . . ".v X O‘ . - B . ) . a " .
4.1.2 Solution Concept Tnformation Selected - In contrast Witbﬁ .
— N R a
"the above, the lO step strategy was low: overall)on this mea—
. . PR ‘.q.

7y
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. ' 3 . e
step subjects were able to cqmprehend and utilize thrs 1nfor—
( v [} Zm .
.matlon much earller than the othexr strategles. ‘ -.f S

’ ¥
‘. - . . ' - . . . .
3.1.5 all Development Informatlon Selected - The 15- step .

-group was generally low overall on thls measur@,

hat

although

high subject varlablllty prevented s1gn1f1Cance. The‘assuﬁp-
ri
tion is that the'15~ ep approach was more économlcal and

selective of information used 1n,development, ‘with a high _ -

dependeqpe‘on'ovefalltconceptual information. .In'comparrSOn,

. s
. A ]

the 1l0-step strategy was high‘on this measure. and partis‘cu—~

”Iarly high on 3.2.5vAll Development\Information Reused.

ﬁp— 05) ,Qand 3. 2 4 General Informatlon Reused (II

4

The 1mpress1on is that the 1l0-step spent qons1derable amount

lnformatlon

p—.lO)

“of effort on "busy work"‘ since the "research"

was only marglnally useable glven the tlme and scale llmlta-A

tlons; and the general 1nformatlon4éas largely concerned
A

[

It should be. noted

with, prevrousxtraditlonal solutlons.
that ,the 10-step group dld not make colrespondlngly hlgh use

, of Des1gn Cons1deratlon Informatlon H(3.1. 2, 3.2.2), considered ,

Y *

by the expeerenter to be the most relevant des1gn development
SN,

1nformatlon . . )
. ‘ ) & _ ) * s
3. Solution Elements (?ategory #5) . '"~.
. "‘

| s IR
Although the selectign an#& reuse of solution élement
: v ) o £ .
9 ¢ . N e . R .
information did not show many significant strategy effects, -

there were some indications of differences in this area.

. - ‘
. . .
N ~
- .
.
.

e
*




. Research Informatlon Selected,'where the 15~ step was notlce—

j oL -

' tlon is supported by g 2 Furnlture Elements Reused, on whlch

sother strategles.were steady or dzcreaSLng (p=,05).' This is

5. l 2 Furn1ture~Elements Selected - The lSjﬁtep strategy
1 l}‘
'dlsplayed the sens1t1v1ty to. problem effect mentloned earller

G ¢ -

w1th a notlceably low score on this measure for problem II,
* L

and an 1ncrease on III, whlle the other strategies. remalned

.
the same between problems)II and JIIT (p=.05), presumeably
LN . g‘}

de empq%51z¢ng fulnlture at the larger scale. Thlsnassump—

4

the’ 15 step had .an- average score of "O"-on II
.S ‘1'.: ) , +~1 e Tyt . .
An.ﬁn€erse effect for this strategyawas noted .on 3.1.3

L) - N

<

-
3

ably hlgher on II, presumeably 1nd1cat1ng layout and perceptual

\

1nformatlon.applled to the . problem Another 1nd1catlon of
.sens;t1v1ty dlfferences was observed in'the.interactions an
4.2.2- Solutlon Concept Information Reused, where the 15-step

oL » .

used fewer concepty on II, whlle both the ™ 5 and 10- step . o
|

|

groups-lncreased their qseage on II. Apparently, the othef

istrategles reSponded'to the change in scale by making'greaterﬂz

.use of more general concepts, whlle thelS step 51mpllf1ed its
approach (Note.v the 5 and:® lO step strategles showed only

m;nor sen51t1V1ty ‘responses, fee Table 5—3).§ : : N

e T
. K

5'1'4 Anbillary‘Elements Selected - The Srstep strategy' oL

Ld

. dlsplayed 51gn1f1cant 1nteractlon effects on this measure, o,

%

1ntrea51ng rﬁ use between ail three problems, whlle ‘the " 4

L=

made par%icularly evident by sign'flcantly higher levels for
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the Shstep on problém\llI for both Selectioniand Reuse' . S S

{(5 2. 4)(p— 05, .10) .\ The'information,type represents a'éon—,

., . 4 .

. cern w1th spatial enclosure and mechamical systems, less

\ - 7 . ae % .

central to solution development, and the asSumption is that'

*

!‘Gﬁf step group ignored or minimiﬁed theée aopects due to

',' - uncertainties about solution formulationmon the earlier proo;- lﬂ
N . . : . 2 '
lems, and later increased.in“oonfidence and was able tg | 6 ]
exploreithe solution-in greaterrdepgh.' o . ' ’ .
s L, s . . b N,
C.' Solution Results _ n‘j . L . .' - | ' "

. Thentwo attempts to compare solutions, by méasures of e o
different‘chateggeristrcs, and éyfexpert evaluation, had . "-~ .
been intended to demonstratZ differential strategy” effects.
lHowever, the results ;ndicated cons1derable\uniformity between -

L

strategy groups, particularly in comparison with the.variations
t:" . g Y

°in problem—éolwing performance. .The.examination in thls area,.

therefore,-is basedwon the poss1ble amplications of relatively

'f,slight differences between scores. R . H”: ' _ | .o
’ (3‘
1. Soluti?n Characteristics (Category #6) "

These measures were- developed in an attempt to identify.

. -
* .

W0
: .
-

J'ijéctive differences- in, the solution approaches taken by e

‘o

, subjects in different strategy groups. Due to the general

uniformity in solution drawings andaspecificatybns,fthere

IS
-

—‘were very few meaningful differences in this area.’ A minor. .

! - i

interaction did occur on 6. l 3 # Drawnng,Details where . the' : .:

& . . i

5-step strategy remained steady wpiﬁe tne otheﬁvstratfgies

. ¢ N
e . .
- : .
. . s

9 .




i Another .measure, 6. 2. 2 # RSom D1v151ons showe ;the'ls ~step i

£ - | | i 90
increased in detail on 1I, presumeably in response to scale.

L ] »”

strategy hlgg on problem IIT (p—°05) suggestlng the ma1n—,.
tenance of a h1gh level of complex1ty on the final problem

2 Solutlon Evaluatlon (Category #7) sb' ala . .
yf : The solutlon evaluatlon measures, generated by a pro-

// o -
vfess1onal jury of evaluators, were 1ntended to prov1de a'

.
b o [ —

'fcomprehens1ve compar1son between the SOluthnS produced by

>

subjects in dlfferent strategy groups,' However, the re—
sults of the evaluat10n weLe 1nconclus1ve, he evaluators

. themselves were h1ghﬂy varlable and' the results of the1r
* ‘g H .
evaluatlon as shown in Table 5—2‘and Append1x-I—2'averaged

out to very slmllar cores, well below s1gn1f1cance. Desplte
{*

5 vy .
thenquéstlonable s1gn1f1cance, observatlon of the data d0es .

]

suggest that the lS step group. may have produced sllghtly

better solutlons, both in terms of allwcrlterla. 7.2.1“All

LY
' .

€r1ter1a Ranklng and Rating Combined;'7}2;2 All'Ranking)Crif
t“ ‘ / )

teria; and 7 2;3 All Ratlng,Crlterla, and speclflc measureS'

7.1. 2 Effectlve, 7 L 5 Innovatlve, and 7 1.6 Complete., Thus- '

: /

there is. some suggestlon that the 15~ step strategy 1s more oY

\’

. useful prOV1d1ng effectlve, workable solutlons, although
/ S .
not necessarlly superlor 1n compreheHSﬁveness or eff1c1ency,
A ; g :
}malntalnlng an 1nnovat1ve solution approach (as stressed in

the problem statement), and ma1nta1n1ng a complete, thorough

. , 1
« o L. / -~

. solutlon speclflcatmon.




%1 Interactions on the‘evaluation]were'significant (Figure

(3

- 5-2), with the 5-step strategy‘showing a definite improve—

o :gment OVerzthe three problems5(for all'criteria5,>While the 10-

.step showed worse . scores after the flrst problem, and ‘the 15—

step was steady to sllghtly worse on the last problem (p—.Ol)

¥

.The assumptlon is that. the 5-step demonstrated a learn1ng
effect, whlle the lO step produced acceptable results only f i
with the greatest level of ac+1v1ty The ‘I5-step dlsplayed g
relatgve cons1stency after startlng rather successfully, and

N \

= . :
the drop in quallty on the final problem mayihave been due o -,

to the evaluators m1s1nterpret1ng the hlgh level of solutlon (i“

. cw o

-complexlty whlch was- contlnued by this strategy (1n accordance

‘ w1th experlmenter S deflnltlonvof the problem), whlle the -
othe¥ strategles simplified thelr final solutions. ’
* ‘ S A o o oo

oy .

'+ D. qubject Results ' o ' ! ..

Lo Tﬁe var1ab111ty of subjects w1th1n strategy groups

apparently was a major factor in lowerlng the level of s1gn1—

[ . @

Ty f1cance for the strategy effects. mhe extent of the varlabll-'

e

A W1th1n 1nd1v1dual subjectsa xHowevei{,an examination of .some

A .
alty is shown’ 1n Table 5- 5, wh1ch indicates that all subjects

’ \\varled unlquely from the other members in the1r groups on ’
13

at’ least so#e-measures, and . -that the dlrectlon &f the dlfﬁer—

k4
4

ence in frequency scores and evaluatlon scores was seldom con—

s1stent Th1s suggests a hlgh level of essentlally random,.

personallzed 1n%5rpretatlons of the problem and strategy

'\/ 3 - v

P

-
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: _ _ \ . 1
N specifiCJsubject behaviors;may help‘in;understanding_some of
‘the .strategy group scores: S o S '
’ ' - a N
. A partlcular sub]ect effect was apparent 1n the evalu— s

ation of the solutlons. For all crltéraa, subjects w1th1n

straﬁegles were s1gn1f1cantly dlfferent (p— Olk, in partlcu- oo

lar, two ‘of the subjects us1ng the lS—step strategy were con—
S1dered to be Very successful (compared with all other sub-

. \ .
jects, with only one’ subject in the 5 stepogroup as sucCess—.-

» "ful), while the thlrd‘subject scored very poquy alsQ in

.comparisoniﬁitﬁ'all other.subjects).' Tt is'pcssibieathat';'

fthe twc subjects actually repnesepted‘the’effectiveness of :
the strategy, whlle the th1rd subject Gw1th an unusual ap—
proach, descrlped below) was m1S1nterpreted by the eﬁaluacors.

' Table 5-5 Dlstrlbutlon of Subject. Effects |

'
A,

S - STRATEGY PERFORMANCE
Difference |* 5-Step . . 10~ Step ' - . 15-Step
: - I 12 |3 I 2 |3 [ I [2 13
HIGH - |- 3% | 3% |19%* 2% | 5 |21% | 4% | 4% | 12%
LOW « -~ | 3% | 9% | 3% 2% | 4* | 6 1% | 6% | 15%
. - ~ STRATEGY SOLUTION - =
- Difference - 5-Step . . 10-Step: ¥ " 15-Step
. 11T [ 2 [3 [ 1 |2 3. |°1 | 2 | 3-}
R \ W T N ‘ ~
HIGH = - M 1% [ 1% .0 -4 1% |0 [ 0 o | o | .5%|
. LOW 1o .o | 1*x |.0 | o | o [isx]3%x] o0

NOTE. ﬂlndvcates that the majorlty of the measures‘dlsplayed
-a s1gn1f1cantlsubject dffect at least p = .10

For Strategy Solution, a IOthcore 1nd1cates a "better"
‘solution . - ! [ ‘ » -

v
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Ihe third subject in th@ 15~ step group also d1splayed

unlque and srgnlflcant differences in sedection and reuse of

r

two major types of 1nformatlon, sc0r1ng very high on probléh—'

- o -

'related 1nformatlon (generally p=.05), while. haV1ng low or

e
< e

- negligible Scores (averaging 4 items to -the group average of
52) for solution element information (p=.Ol).t.Whife this may

‘ be;explained in part by an oVer—ooncern.with probleﬁ'develop¥

ment, the accompanv1ng solutlon graphics. suggest a very com-
) . . 5 0

prehen51ve solution rendered in general terms o

I~

Additional subject effects indicatefgenerai strategy
. 4 . ) ) . N '";;
: group trends, consistent in themselVes, carried to ektremes

r

by 1ndLV1dual subjects - Thusk\one subject 1n ‘the lO step
group showed an eXtremely hlgh reuse level partlcularly for

various types of deveﬁopment 1nformatlon (usually p=.01),
@p .
whlle one subject in’ the 5 step’ group d1splayed cons1stently

hlgh levels of selectlon for all information types (usually
. ) . . ) | .

~ e _ .

p=.01). These confirm~major}strategy effects and suggest

Ways;in which'individuals might have disallowed significant

effects. S . -

E. Debﬁiefinngesults , : .

i

’ N * N . A ) : - ° \ . '.'.
The.debriefing session, after the running‘of the experi-

'ment, offered the only 1ntrospect1ve response from the sub-

»

jects and was dlrected to fesponses to the experlmental for-.
’ b
mat rather than the effect of strategles. rIn‘general, the
responses shown in Appendix E-2, suggested'that the sexperi-

o

.. =105




,-.

mental taskfwas acdcepted for .the mos partfby‘the subjécts.
The Basic approach, using,the intSrmation bank and test' ap-.

' : v " * J - Y 3 : " 3 ’ 3 3 g ) .
v paratus, seemetho be workable with minor revisions. Although.
. there were some reservations about the artificiality of the

' : v Ak S / ;

Ce experimental situation, there seemed, to be overall agreement,

~
- L]

\\\ or at least lack bf strong dlsagreement, that the experrment was:
able to accurately reflect des1gn problem—solv1ng and utlllza-

. - ) oo S '
tlon of strategies.

S ' ¢

b CONCLUSIONS L o ’ ,

al Qhe conclus1ons drawn from th1s experlment can only be
. . -

_— - general and suggestlve. The h1gh varlablllty mn the summary

data dees not permlt conclus1ve ]udgements about strategy dlf- _‘

. ferences wflhe larger\mass of data on the detalls of p oblem- ‘f-

Bl .

solV1ng has not yet beenmprocessed, and whlle thlS may add a//
| better understandlng of design actlvlty, 1t 1s also llkely to
be h1ghly varlable Daﬁplte the h1gh experlmental and .subject

N varlablllty" tantative dlrectlons are d1scern1ble, indicating -

1mp11catlons for further research (An asterlsk * after a word

- 1ndlcates that ‘the statement did have stat1st1cal s1gn1f1cance"

3
M -

at east at the 5% level ) - o %f o o ) '_.

LR

-

» *A. Sug@estive Strategy-Differences el b

4
. “\Given that a statlstlcally s1gn1f1cant dlfference was not

obtalned among the strategles, some ‘acdtual dlfferences observed !

IS

1n the examlnatlon of measures can be expressed as suggestlvé
A ‘ } - D - 1 * N
’ :lconclus1ons. Tﬁey are spec1f1cally compared to the experl—
T ] P < » ‘
mental'hypotheses listed on pages.38-39. .
o I . .

. .
F . . . . . ) ,o o *
. . v
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1. General Hypothesls ot | " ) , . O
.>The actual number of strategy dlfferenfes and the consis-f o
tenoy‘oﬁ the'dlfﬁerences in lrne w;th hypotheses about strategy;_ oL

| effects\suggest\that strategy)signi%icance is maskeo_by subject )
'yariabriity; *strategy*drfferenoes‘are_apparent‘throughout the~

average.strategy scores (Table 5:2), and pronounced’differences

o . ¢ - - . . v .
Were evident in strategy—problem ihterabtionsr(Table'5—4). Although -
‘ not'Statistioally,srgniﬁicaht, the digferendes';re too numeroﬁS* \j' |

~ -

to ignore entirely. s ’ ' o ' - "
2. sttep Strategy ;

An apparent low level of effectivenesd for this’strategy'

4 was demonstrated in;part.by the radditional time.reguired for

arr1v1ng at a solutlonq and the appareﬁtly random selection

- P -

and appllcatlon of 1nformatlon. -Overall, the subﬁects did ge-
A .
qulre more time .for solutlon* partlcularly as compared with the S

10- step strategy group (Hyp l—l)."The subjects did demonstrate
. [ v ) o L.
an apparent uncertalnty in beglnnlng problem—solv1ng q}th a o

relatlvely high selectlon* of defanltlon 1nformat10n (Hyp. 1-2),

N e -

'Although it was not antlcipated the' @xtens1ve use o¥’ processbﬁ

. Y

descriptors* to supplement“the strategy steps, clearly disting—

u1shed thlS strategy group. The quantlty of 1nformatlon selected

- 1y . . -

by ‘this group was not notlceably h1gher than the 10- step strategy,
although_the ~average humber of'selectlons were somewhat greater

(Hyp. 1-3).  BY contrast, this >trategy dld not - how’muohjchange

| . . v . .

in efficiency.(decrease in Selectlons)'over~t1me,°particqlarly-
) } ! A .

as compared with the 10~ step (Hyp ‘1-4) .. The solutions produced

* ' . v . ]
by thlS strategy éxd 1mprove over time*, partigularly between -
: R

D t : - o ’ . . v
" . . . B

S 105 -




|

, problems I and II (Hyp.pl-S). Howevel, the solution quality

'appeared competitive or superior 0 other strategies after‘the

-categorles (Hyp. 2-2).' SubJécts did show a low use Wf conceptual'

)

.deyelopment-of solutions. ' .

first problem This smratng‘dlo appear to operate better than‘

o

had been antlclpated in many ways s1mllar'to the lOvstep, but
. : bl v | ' : - ) .

some d1ff1culty;yas shown in handling information and in the

3. 10-Step Strategy ’ o ' e

This strategy portrayed an apparent uneven performance
Wlth an overconcegn abcut detalls.' This is-suggested by”the o,

overall hlgh levdls, of activity. Little d1ff1culty was noted +

1n the 1n1t1al phase of problem—solv1ng w1th a relat1Vely con-

o~ o

,servat1Ve selectlon and-teuse.of deflnltlon 1nformatlon_(Hyp.

2-1). In general this group d1splayed a cons1derable amount

v &

of act1v1ty w1th a h1gh number of data cards generated and a

.

h1gh reuse of 1nformatlon, part1cularly in Pore peripheral tvpe

)

1nformatlon, part1cularly as compared w1th 0Verall hlgh levels

lsior other categorles (Hyp.‘2-3)“' Improvement in eff1c1ency

(decrease in activity) was clearly demonstrated* although. at much

higher levels than'anticipated' suggestlng arsuperflclal treat-l

ment in later problems (Hyp.- 2—4) The data generally 1nd1cates'_

4
low keVels of solutlon quality for th1s strategy, arid 1nspectlon

AR

of solutlons suggests the1r more conservat1Ve aspect (Hyp. 2~5).

' v

uowever, the decrease in quallty between problems I and II was

-
o

not ant1c1pated and suggests an addltlonal factor of dlSlllUr: N

3

s1onment ‘or OVerc0uf1denpe Thls strategy, then, representing

L.

a hlghly typ1cal approach, Ads: apparently workgble, but lt

D
|

106 . S
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produces'only a moderate level of.performance: : : : _'fﬁy
-~ ’ : ‘. S -s ' . :
4. 15- Step Strategy : ' : T ;‘. 4y
' ‘ J ¢
ThlS hypothetlpally ‘best strategy was sllghtly but conz ,

s1stently more eff;crent and effectlve ‘in comparlson wrth“ghe

,other strategies. These subjects appeared to establrSh systemj

o

.) PR . o (:'

_atlc deflnltlons as indicated by a substantlal selectlon of * ';

“

ﬁ.problem desCrlptors‘and a generally high level of deﬁlnltron
activity-(Hyp._B—l)f The subjects did lndicate lowerilevel5apf‘

-~ .finformation'selection in most categories, parthularly th@éé@ '
less central to problem develOpment fHyp. ?—2) In contrastﬁi o

\
.
e

'the subjects dld show high levels of selection and use of conceptual

LY

1nformatlon (Hyp. 3-3). The subjects did remaln“relatlvely ’,3\ n
' . ¢ TN M

steady on most measures, with allowance for the response to

’ scale dlfferences on problem II (Hyp. 3-4). 'The solutlon,ratings
L4 . - i / ~
° were sllghtly but consrstently better, partrcularly on specific
A s

h-

crlterra suchlas comprehensrveness and 1nnovat1veness, Wthh :
* ) ¢ -~ ) S
had been stressed in Qhe problem statément . These results~

]
suggest that this is a deflnrtely workable strategy wrth potenkial

- 7.

,_advantages that could be explored in. further study

.B. Research Approach 3 |

Addltlonal general conclus10ns may be reached in terms of

y
i

the overall approach to des1gn methods research and experlmenta%‘

btechnigue demonstrated in ‘this® study. Thesenare impc:tant bé= : .
! cause:of the pilotiaspects of this research in.attempting to
bindicate a’ ne¥ area_for-experimental Studyf g'

. .The'ability to perform’design methcds research.appears to

b

+ be strongly supported, if Qot;conclusivelyvestabllshed by ‘this .




. » 98
/ { study. The review of literature-and related: research indicatinq'
4 | IS

< , the need for this type of research were relnforced by the natlonal

v
) .

33‘ ‘ _survey of des1gn strategles whlcn 1nd1cated both a level of

-

. .

_\ ~
. Common understanding about design strategles,'andva signirficant
variation in responses ahjyconceptuallzatrons whlch could be ﬂy

In addition, the acceptance ‘of. the
. /ﬁest strategxes by the subijects, and the suggestlve dlfferences -

.,

.resolqu by obgectlve stu

>
v

‘in performance by strategy groups indicate poss1b111t1es for
furthex experlmental studles ThlS study,-then, desplte the —_—

problems with variability, does not dlmlnlsh he relevance of

.

t design methods research; . ‘_ Yy 3
The experimental‘task itself didnappeaffto be useful_in ' v
L ~ . i o w S0 : o

studying the design process and the effects of strategies,
N : o R .

- . althongh~further refinements}are;indfcated. In most caseslthe
‘subjects were able\toifunction well using the information banks
s to deveLop an'understanding:of the test problems"and develop
: 'meaningfui soiutions.. This approach does appear,to generate
e a cansiderable body of usefnl‘data on design performaice whi'ch =
[ o oy , .

- ¢¥". . can be used to demonstrate -and compare the effgcts of de51gn

s

( . . ¢ . : s )
~ : . . M} e PN
hods . e g o S 't .

-

.about the effectlveness

A partlcular qunstlon was rals‘

. ’

. ‘ TN
of the technlques for evaluetlng the subjects des1gn solutions.
‘ PN
o The qqantltatlve ‘measures, of solutlon-characterlstlcs did not
. KRS 4 . S

Seem to adeqUately describe or drstlngursh betWeen the dlfferent

o
[ . ¢ o -

solutlon conflquratlons. «The subjectlve evaluatlons also d1d
r fol - L
‘ . not appear Lo bé cons1stent in establlshlng SOlLtJon quallty
/

There is apparently a need for the develOpmentvof more reflned
: A / .

LN
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e

}

.

2

A ' .
-\large perdentage of measures. ]

=

‘in subject perfbrmance which occurred despite extenSive attempts

- . . : : . . i L
a constrained §et of te§t problems, utilize a standard information

techniques for solution evaluation goth for experimental and.

3
[y ’ . . .

practf%al purpoSes ' : > . j’,
DISCUSSI - I - |
'Q;..\ SRR 3 : ' .
The major issue raised in. thms study is the variability L\r-

-

\ ~ - .
to produce controlled, differentiated behaVior.‘ The experimenter
attempted to selectva.highly uniform-group of subjects, prov1de ‘

o . § o . . -

bank and experimental task, while uSing specifically distinct

-

strategy guidelines. Despité .this effort, the differences be- ¢
tween subjectsiwithin the %érategy groups were’overwhelmingly

more 51gnifiéant than theqdifferences becween the groups uSing'
different strategies. In other words, - e&en in a relatively

‘-.

limited problemvsolving Situation, subjects uSing identical

I3

o
L
i

strategies did not generate statistically uniform ‘'scores onfa
The explanation fOIbthlS variability is not clear- at this
time; One explanation would suggest that the deSign“strategies’ |
by their nature haVe a negligible effect onlge51gn performanc;.°
This does not séegm con51stent W1th the observed suggestive
strategy differences. ‘An~alternative explanation would be that '
A

indiVidual strategy 1nterpretations and ingrained personak deSign

"
,styles confounded ‘the strategy effebts. This would be consistent .

)

w1thpthe denerdll¥y accepted concept of the design task as an

1ndiv1dtal, intuitive, creative act. In this casa, a given‘%
| :

strategy would likeiy be 1mplemented only partially by the~ subject,
utlllalnq aspects~which Were compatible w1th the subjecgw?
. . o ) A




[

.

100
| ~

4

.personal'appfbach, andirejecting or reinterpreting conflicting

[

concepts. : : . - N fﬁ. D ’
; ) . ‘

-
.

The problem %3r the design methodologiSt is-Fhe}efore to

"develop s:rategies which can- be accepted?bynindividual designers

. - e .. b !
and to present strategies in a manner which is understandable

o . A - : - o
and,usgablen The design methods researcher must insure that

R
the methodsébéing studied are actually implemented by the subjects,
*

. e
¢ N .oee,

and that. indicative dstferences in performance are.- caoturgﬂ by
the experimental technlque.

A. Design Methods Research ' 4 Lo _‘\ oo

B 1 1

' The results of this research should not discouragean R

- -

-

interest in the study of design methods, but shouldfrather» S

.,e

-Stimulate further attempts to develop useful techniques for -

1nvest&gating qhe impact of " alternative methods dn ,the des1gn i
. |

pr0cess._ In this regard, the results to some degree support

the utility of the present approach With further refinements. .

uub]ect variability would.be a major concern in further

- .. . Rk o : ] )
refinements, and could be treated in a number‘of ways. Some

- >

'.

variability could he c0ntrolled Wi-h a' more extensive orientation:

-~ - < - f

and training program to insure that subjects could and would use

More sensitive performance measures could be designed to identify

'extremes of behaVior

the test methods. Patterns of variability aSSpClated‘Wlth\dlf—
ferent’methods could be”identified using larger groups- of subjects..

.

.

SpelelC effects, with problem formats- developed to permit greater

- - . . s
o

]
| . . s 3

In other areas, the time and effort limitations for subjects

[N

i

-could be reduceﬁ by des1gning appa“atus with more convenient

3 o v
' 110 | - ~ :




- to cover dlfferent aspects of'enV1ronmental des1gn problem—'

In addltlon,\more funﬁamental studles could be- made of the

' »study courg also be considered ancluding: . : :

-

-identifying patterns of information useage associated with ' S s
~.each strategy step.’
S 2. Addltlonal experlmentatlon using a s1mp11f1ed experlmental ’ .‘f

" task, w1th more extens;ve tralnlng and a largerrsubject'group

'psychologlcal and_cognltive aspects of de%ign_problem-solving. T

3. Development and experimental Comparisdn_of refinements

. | | | . 1ol
means for‘infqrmation preseritation and manipulation, possibly

involving,Some form of_mechanidal assistdnce. ;Fhe’informatiqn
data-doﬁid be sUpplemented'by an expanded graphic capability

and sdme form of "thinking aloud". technlque for record1ng verbal

comMents?' The 1nformat10n items themselves could be modlfled
| . *

solving as well as problem-solV1ng in fields such as Urban

Design, Product Design, MachinejDesign, Industrial Engineering. -
‘ e Lo ., - / : -
- With appropriate modification this basic approach could

also be' used for investigating a range of,preblem-sélving .

behaviors. Qompar;sons’df*methods could~be‘nsed ﬁﬂth alternative Pt
. - - : : _ . . :
strategy.configurations, as,well as different heuristics and

decisionwmaking techniques. iBas}c information brocessing cou1d' . e

be studled in terms of types of 1nformatlon, forms of 1nformat10n

presentatlon, alternatlve optlons for 1nformatlon manlpulatlon.q ' ‘.

I

| . . . B
. . -, . ) ! * . . y ! . R “. . .

In the immediate future, more specific extensions. of this-

4 o Co / ) - - '

1. Further analysis'of the already .collected data in terms of _ .
. R L I . . * . . : . . : ’ »

the dynamics 6§\information‘processing'within-the test sessions,

- . ' . g } b . .

\ i - . N -

‘e
. .
.

W - v

S s

to increase the consistency of resuits.b ?1, , .o

Qg

. - - . » . N




“r , - . Y-
fd : . in the lSestep strategy, using'different strategy and problem

N2 o A N K

¢ vaniations to determine the most effective combination of steps:

Lo 'and procedures for enVironmental des1gn. o

-~ »

B. DeSign Methods Implications
. ' R
e - In a larger sense, this study and further research in des1gn

_methods should lead to a' better understanding and application

L a Iy

of des1gn meth?/s by practitioners in enVironmental deSign and

related fieldsi To‘the extent that differences between des1gn

!
strategies were'indicated,'they present a_challenge tthraditional

L . ) o . .1' 4 .
assumptions abopt the negligible effects of methods and the |

e essential'simi arity of alternative methods. If real differences
can be identified between alternative>methods, then it is‘importan

to search for the best poss1ble me thods, testing and comparing

t oL *

methods af all kinds to determine their appaicability for problem-

K

. _solVing. In particular, the suggestiVe results of this study

appear to support the pébponents of more systematic" methods,

S A >

v ' stress1ng detailed operational procedures, direﬁted toward a
¢

whole problem Vieprint, ith a controlled application of problem—

.

solVing information. s L . .

-
A

The possibilities for establishing meaningful differences
¥ .

. between design strategies also present;a challenge to design .
o ) . - "" : » s

educators-in terms of identifying the most'appropriate design

methods and presenting them as effecthvely as poss1ble to deSign
A
. 4 ’ xS

students This suggests the need for a more formalized deSign
T . ‘nl /
methbds curriculum anDlVLng a comparatiVe analys1s of alterna—-

tive methods and‘their,applications to different aspects of

9 .




. . ) ) ] ) )
. ‘ ) ’ _ 1 :
design<information‘processlng In more.general,terms, this
) . ) \

\
study indicates the 1hportance of understandlng how 1nformatlon ' \
and suggests teachlng « \\
: o\

. e
A\

is used to generate a~f1nal solutlon,
. L

approaches, using information banks, and recordlng detalled in- - _

’ " ‘ t - N . ’ : \\

v v \

‘ N

\v/formatlon protocols, as a means ¢f demonstrating and reinforcing
. . |
. 4 : . ' N

.
e -

'problem—solving‘behawlor.
The broadest 1mp11cations'of this‘research go beyond the

-cencern w1th spec1f1c design meth@ds or technlques to a cons1d—
Thls sthdy 1s 1ntended .

>

eration of the entire des1gn process.
.o serve as one aspect in the develOpment of a ccmprehens1ve

N\

sc1encewoirde51gn,tdlrected toward maklng the best p0ss1ble use

I

-

of the deS1gner ‘s resources in pxoduc1ng the best p0ss1ble
The underlylng assumptlon of a des1gn sc1ence,

des1gn produw\.
supported in part by this research,vls that des1gn is a ratlonal

[y
N

K
act1v1ty wh1ch can be made exp11c1t and- that through study and

Aunderstandlng the eff1c1ency and effectlvéness -of des1gn activity
L I : .

A

2 :

can be 51gn1f1cantly 1mproved.
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